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ABSTRACT 
The purpose of this study was to examine preschool teachers' verbal interactions with 
children during morning self-selection time. Naturalistic (Day 1) and experimental (Day 2) 
designs were used to provide empirical evidence of the availability of science activities and 
accessible science materials in preschool classrooms. The participants were 20 head teachers 
of 3- to 5-year-old preschoolers employed in central Iowa child care centers. Each teacher 
was videotaped for two consecutive days during morning self-selection time. The most 
frequent preschool teachers' verbal interaction for Day 1 and Day 2 combined was giving 
learning guidance, and they used more verbal statements than questioning statements. 
Teachers tend to interact with children mostly in the art area. During the pre-planned science 
activity, the most frequent teacher statement was giving learning guidance (M = 2.07) and the 
most frequent questioning statement was closed questions (M = 1.00). On Day 2 teachers 
used more learning guidance and information talk statements and more attention-focusing 
questions as well. On Day 1, teachers used more praise and acknowledge statements and 
closed questions. Teachers' use of the science-related questions (i.e., attention-focusing, 
problem-posing, measuring and counting, comparing, and reasoning questions) was 
significantly related to the classroom areas. The study showed that preschool teachers tended 
to use more measuring and counting questions in the block and manipulative areas and used 
more reasoning questions in the dramatic area. These findings suggest that children's science 
process skills (e.g., observing, predicting, classifying, collecting, and recording data) relate to 
the activity settings/materials in the classrooms. Involving a science activity seemed to 
increase teachers' verbal interactions, both verbal and questioning statements. 
1 
GENERAL INTRODUCTION 
"Science for young children is finding out about the world in which they live" (Smith, 
1981, p. 6). As soon as young children realize that they can discover things for themselves, 
their first encounter with science has begun. The goal for young children to experience and 
learn about science is to help them develop an appreciation and awareness of the world 
around them. Experiencing science helps young children develop their abilities to think 
logically and creatively, and also prepares them to deal more effectively with decision­
making and problem-solving in their daily lives (Harlen, 1985). 
Science is more than just knowledge and the accumulation of facts; it is also a process 
of exploration. When children are engaged in using the scientific method, they investigate 
problems, make predictions about outcomes (i.e., generate hypotheses), do experiments, 
observe what actually happens, and make conclusions from the results (Sprung, Froschl, & 
Campbell, 1985). Children have an innate curiosity and they tend to ask many questions 
about the world around them. Early childhood teachers can play a critical role in helping 
young children develop meaningful and worthwhile questions that help them learn and 
explore scientific concepts. 
Interaction between the teacher and child is important for children's cognitive and 
language development The NICHD Early Childhood Research Network (1996) reported that 
the quality of caregiver-child interaction predicts cognitive and language competencies. 
Several studies have investigated teacher's interaction behaviors (de Kruif, McWilliam, 
Ridley, & Wakely, 2000; Phillips, McCartney, & Scarr, 1987; Whitebook, Howes, & 
Phillips, 1989). For instance, de Kruif et al. (2000) studied the interaction behaviors of 63 
child care teachers of children age five and older. They found that directive non-responsive 
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teachers tended to control children's activities and engaged in brief, task-directed 
interactions. As a result, the children tended to lose interest quickly. Phillips, McCartney, and 
Scarr (1987) examined the relationship between child care quality and children's social 
development and found that children who experienced more verbal interactions with their 
teachers were more intelligent and task-oriented. According to Whitebook et al. (1989), 
children who experienced more responsive teacher involvement exhibited higher levels of 
language development Not surprisingly, how teachers interact with children is meaningful 
for children's development 
Science experiences based on children's natural curiosity and eagerness to explore 
and discover the world through all of their senses provide many opportunities for children's 
learning (Jacobson & Bergman, 1980). When teachers integrate science experiences with 
other curriculum areas, such as math, music, literature, art, and creative thinking, it enhances 
children's development and learning (Harlan & Rivkin, 2000). Few studies have investigated 
teacher-child interactions during science activities (Fleer, 1992). For instance, Fleer (1992) 
studied the scientific understanding and conceptual change of kindergartners through third 
graders that occurs during science teaching. This exploratory study indicated that the types of 
teacher interactional styles influenced the development of children's thinking. Teacher 
effective questioning behaviors encouraged children to think creatively and had higher levels 
of thinking. It is important to catch children's interest and let them raise and answer their 
own questions in order to empower children in seeing themselves as the source of wonderful 
ideas (Chaille & Britain, 1997). 
Researchers have not examined teacher-preschoolers verbal interactions in science 
teaching. The science environment in the preschool classroom needs to be explored. Also, 
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relatively little is known about preschool teachers' understanding of science. In early 
childhood classrooms, the open-ended, free-choice activities allow children to follow their 
own paths of inquiry (Ross, 2000). The purpose of this empirical study is to investigate the 
natural setting of preschool classrooms, the availability of science activities and materials, 
and teachers' verbal interactions with children. The study examines teacher-child verbal 
interactions during the morning self-selection time on a typical day and a second day when 
pre-planned classroom science activity is provided. Interviews with the preschool teachers 
are conducted to collect insight information about preschool teachers' science teaching. 
This study is designed to address the following questions: 
1. What types of verbal interactions do teachers have with the preschoolers in their 
classroom during morning self-selection time? 
2. What types of verbal interactions do teachers use with the preschoolers during morning 
self-selection time pre-planned, formal science activity? 
3. Are there differences in teachers' verbally interactions with preschoolers in informal self-
selection time (Day 1) and a pre-planned, formal science activity (Day 2)? 
4. In which areas of the classroom do preschool teachers use more science-related 
questions? 
Dissertation Organization 
This dissertation includes two sections: The first section (Chapter 1) is a manuscript 
that focuses on a literature review concerning young children's thinking and science learning. 
The second section (Chapter 2) is a manuscript that reports an empirical study investigating 
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teacher verbal interactions concerning science teaching. It includes a review of literature, 
methodology, results and discussion, and implications of this study for future research. 
Appendixes are attached at the end of the dissertation. These include the 
supplementary tables (Appendix A), examples of the correspondence (Appendix B), 
distribution of parent consent forms (Appendix C), preschool classroom science materials 
checklist (Appendix D), preschool classroom science activities checklist (Appendix E), 
preschool classroom teacher interview form (Appendix F), the coding manual for preschool 
teacher classroom/sciencing coding (Appendix G), preschool teacher classroom/sciencing 
coding form (Appendix H), the coding manual for preschool teacher verbal interaction 
coding (Appendix I), preschool teacher verbal interaction coding form (Appendix J), and 
coding map (Appendix K). 
References 
Chaille, C., & Britain, L. (1997). The young child as scientist: A constructivist approach 
to early childhood science education (2nd ed.). New York: An imprint of Addison 
Wesley Longman, Inc. 
de Kruif, R. E. L., McWffliam, R. A., Ridley, S. M., & Wakely, M. B. (2000). 
Classification of teachers' interaction behaviors in early childhood classrooms. Early 
Childhood Research Quarterly, 15(2), 247-26. 
Fleer, M. (1992). Identifying teacher-child interaction which scaffolds scientific thinking 
in young children. Science Education, 76(4), 373-397. 
Harlen, W. (1985). Primary science: Taking the plunge. London: Heinemann Educational 
Books Ltd. 
5 
Harlan, J. D., & Rivkin, M. S. (2000). Science experiences for the early childhood years: An 
integrated approach (7th ed.). Upper Saddle River, New Jersey: Prentice-Hall Inc. 
Jacobson, W. J. & Bergman, A. B. (1980). Science for children. New Jersey: Prentice-
Hall, Inc. 
NICHD Early Child Care Research Network (1996). Characteristics of infant child care: 
Factors contributing to positive caregiving. Early Childhood Research Quarterly, 11(3), 
269-306. 
Phillips, D., McCartney, K., & Scair, S. (1987). Child care quality and children's social 
development Developmental Psychology, 23(4), 537-43. 
Ross, M. E. (2000, March). Science their way. Young Children, 55(2), 6-13. 
Smith, R. F. (1981, January). Early childhood science education. Young Children, 36(2), 
3-10. 
Sprung, B., FroschI, M., & Campbell, P. (1985). What will happen if ...young children 
and the scientific method. New York: Educational Equity Concepts. 
Whitebook, M., Howes, D., Phillips, D. (1989). The National Child Care Staffing Study: Who 
cares? Child care teachers and the quality of care in America. Final report. Oakland, CA: 
Child Care Employee Project. 
6 
CHAPTER 1: YOUNG CHILDREN'S THINKING, SCIENCE LEARNING, AND 
SCIENCE TEACHING PRACTICES: A LITERATURE REVIEW 
A paper to be submitted to Early Childhood Research Quarterly 
Tsung-Hui Tu123 and Joan E. Herwig1 
Abstract 
This literature review focuses on empirical literature concerning preschool children's 
thinking and their understanding of science process skills, such as observing, predicting, 
classifying, collecting and recording data. Several professional organizations, such as the 
National Association for the Education of Young Children (NAEYC) and the National 
Center for Improving Science Education (NCISE), presented science teaching guidelines. 
The NAEYC guidelines for Developmentally Appropriate Practice (DAP) provide science 
curriculum for 3-through 5-year-olds. National Science Education Standards stress that 
science needs to be taught through inquiry-based processes, and needs to meet the child's 
interests, abilities, and experiences. The NCISE provides a general framework for early 
childhood science for kindergarten through sixth grade. These guidelines have been available 
since the mid-1980's; however, little is known about the science teaching practices of 
preschool teachers. 
1 Graduate student and associate professor, respectively, Department of Human Development 
and Family Studies, Iowa State University. 
2 Primary researcher and author. 
3 Author for correspondence. 
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Introduction 
The popular quote "I hear and I forget. I see and I remember. I do and I understand" 
indicates the way children learn best (Croft, 2000, p. 219). Direct experiences are the 
preferred way to learn, according to this perspective, and several developmentalists agree. 
John Dewey and Maria Montessori advocated the role of active experience in learning and 
Jean Piaget developed a constructivist theory focusing on children's cognitive development. 
Piaget theorized that young children constructed knowledge through their own activity rather 
than simply being told correct answers and information by others. He demonstrated that 
young children think in qualitatively different ways from older children and adults. Their 
thinking is more concrete and less logical; thus, they need hands-on experiences to support 
their developing thought and understanding (Harlan & Rivkin, 2000). 
The role of teachers is crucial in expanding and supporting children's learning. 
Vygotsky (1962) argued that children are helped and influenced in their knowledge 
construction by the people around them. Like parents, teachers act as a bridge between what 
society understands to be true and valuable and what children understand about their 
environment A portion of the environment that children come to understand can be called 
science. For instance, seeds grow into plants with roots, stems, and leaves; each animal needs 
its own kind of food; and magnets attract some things but not others (Harlan & Rivkin, 
2000). 
Science for Young Children 
The definition of science 
What is science? "Science is the body of knowledge people build when they use a 
group of processes to make discoveries about the natural world" (Abruscato, 2000, p. 2). The 
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processes include observing, classifying, experimenting, hypothesizing, and communicating 
(Abruscato, 2000). According to Holt (1989), "with young children, science is continuous 
wondering, finding out, knowing" (p. 2). 
Where is science? Science is everywhere, such as the air we breathe, the foods we eat, 
and the flowers we grow (Barclay, Benell, & Schoon, 1999). Science needs to be available, 
appealing, and appropriate so young children can get fully involved and better understand 
their world. Chaille and Britain (1997) state "science involves experimentation, creativity, 
and problem solving, all of which come into play as children try to understand the world" (p. 
16). 
Is science appropriate for young children? Some science educators believe that 
science requires formal and abstract thinking, and, thus, they argue that science is 
inaccessible to young children. While it is true that many aspects of scientific knowledge and 
scientific procedures are inaccessible to the minds of the young children, science also 
incorporates many things to which young children are most particularly open, such as 
observing, creative thinking, problem solving, experimentation and invention. Children learn 
by doing, manipulating, using real objects, and by actively participating in their learning 
processes. Like scientists, children's learning involves the process of inquiry, such as 
wondering, asking and answering questions about the world in which they live (Chaille & 
Britain, 1997). 
What is the goal of science education for young children? The goal for teaching 
science with young children is to help them develop their ability to apply scientific 
knowledge and learning processes that they will continue to develop across their lifetime. A 
commonly stated Chinese proverb says "We do not catch a fish for a child but we need to 
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teach and give the child a tool to catch a fish." Science experiences also help young children 
develop their ability to solve problems, acquire scientific knowledge and information, keep 
an interest and appreciation in science happenings around them, and develop positive 
attitudes toward science (Leeper, Skipper, & Witherpoon, 1979). 
Piagetian theory of children's thinking 
Young children's thinking is very different from the thinking of adults. To teach 
children most effectively, we need to know how they think and apply that knowledge. Piaget 
has provided us with one of the most accepted theories of how children think. According to 
Piaget's cognitive developmental stage theory, children from about two to seven years are in 
the pre-operational stage of development. The characteristics of preoperational thought 
include the lack of transformational reasoning, centration, and reversibility (Wadsworth, 
1996). Transformational reasoning refers to a child's ability to reason about transformations 
or changes. For instance, when placing five coins on a table and asking a four-year-old child 
how many coins are present, the child may count them and tell you there are five. However, 
when you move the five coins into a different layout, without removing or adding any coins, 
and then ask the child how many coins are present, he/she cannot answer the question 
without counting each coin again. Children at this stage are not able to integrate the steps 
during the transformation with the final outcome, and, therefore, they focus on just one 
dimension of the question at a time (Branscombe et al., 2000). Similarly, centration refers to 
the child focusing his/her attention on only one attribute of an object or a set of objects 
without consideration for the other attributes of the same object or set of objects. For 
instance, in Piaget's conservation-of-Iiquid task, the child is shown two water glasses with 
the same amount of water and the child agrees that the two glasses contain the same amount 
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of water. However, when pouring the water from one glass into another glass that is taller 
and more slender than the other two original glasses, the child says that the two glasses did 
not have the same amount of water. Children tend to focus on a single dimension (i.e., 
height) and ignore the corresponding change in a related dimension (i.e., width). Preschool 
children are unable to think either logically or abstractly because they only focus on one 
attribute of an object at a time and they fail to understand the compensation that occurs 
(Bjorklund, 1995). Another characteristic, reversibility, refers to a child's ability to reverse a 
thought to its starting point or to understand that the starting point and the end result are all 
one operation. For instance, two rows of the same length with the same number of objects 
displayed are placed in front of the young child. Then, as he watches the objects in one row 
are spread out so they appear in a wider array than in the first row. When a preoperational 
child is asked which row has more objects, he/she points to the longer row (Black & Puckett, 
1996). 
Children between the ages of two and seven begin to create or make correspondences, 
classifications, and representations (Branscombe et al., 2000). For instance, children make 
one-to-one correspondences when they match each family member's plate, silverware, and 
cups as they set the dinner table. Classification is another aspect of cognitive development 
that begins to develop for preoperational children. The child begins to be interested in the 
attributes of objects and their similarities to other objects, and they begin to group the objects 
by such attributes as color, size, shape, and function. They also begin to engage in several 
forms of representation, such as deferred imitation, symbolic play, drawing, spoken 
language, and writing. Deferred imitation is the child's ability to imitate behaviors observed 
at an earlier time or another place. For instance, a child picks up a block and pretends that it 
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is a phone by holding it to his/her ear and mouth and talking toward the block. In symbolic 
play, the child takes an object and uses it to represent something else. According to Dansky 
and Silverman (1975), engaging children in symbolic play would lead children to increase 
their performance on problem-solving and divergent thinking. Drawing becomes 
representational to the child when he/she talks about what the various objects represented. 
Spoken and written language also gives children the ability to represent their thinking. 
Pre-operational children construct knowledge about the physical world by actually 
investigating and interacting with objects through all their senses, and it facilitates reasoning 
(Croft, 2000). When presenting science activities, it is important to provide many 
opportunities for children to manipulate and work with objects so they can see the cause and 
effect of their actions. For instance, in learning about water, children not only need to taste 
water, but they need to feel it, listen to it, dripping, splashing, and gurgling, and watch it run 
off the window or down the driveway. Children also see how water reacts under various 
circumstances such as water taking the shape of its container, or flowing through some 
materials and not others, and dissolving some substances but not others. Spontaneous and 
planned science experiences help young children make the transition in their thinking from 
illogical and egocentric thought to logical and systematic understanding (Smith, 1981). 
When the child watches, wonders, studies, and questions, he/she is experiencing science 
as a part of everyday living. The child also begins to develop a way of thinking and finding 
answers to questions (Carmichael, 1982). For instance, when children see ladybugs, they 
watch to see what the ladybugs do, how they move, and some children may note differences 
in the color, size, and number of spots on the ladybug. They may wonder and question what 
ladybugs eat, whether they jump, why they are so hard (Tomich, 1996). Science process 
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skills are the thinking abilities used by scientific investigators, such as classifying, collecting 
and recording data, communicating information, comparing and contrasting, drawing 
conclusions, inferring, interpreting data, observing, and predicting (Cicciarelli, 1999). 
Children are developing science concepts when they "attempt to make sense of the 
world in which they live in terms of their experiences, their current knowledge and their use 
of language" (Osborne et al., 1983, p. 1). Children have abundant curiosity for asking 
questions and they "try out a wide range of ideas with no fear of being wrong" (Trumbull, 
1990, p. 8). Likewise, children use similarities and differences to organize, observe, gather 
facts, search relationships among elements, and make predictions, although the 
understanding of science differs for children and scientists. According to Osborne et al. 
(1983), young children have difficulties with abstract reasoning. They tend to have a self-
centered point of view, and they consider only the things that emerge directly from their 
everyday experiences. Also, children are interested in explanations for specific events. 
Unlike scientists, they are not concerned with the need to have coherent and non-
contradictory explanations for a variety of phenomena. With their limited experience and 
concern for only a specific explanation, children can adapt any number of possible 
explanations that seem reasonable from their more restricted perspective. 
Preschool science education guidelines 
Children's long-term attitudes toward science begin with their earliest exposures to 
science. Children's experiences in the early years have a significant impact on their later 
learning; thus, the foundation for understanding science must begin early. The teacher's 
interest in describing more about something is a vital part of a positive teaching attitude. This 
interest implies a willingness to learn along with the children when they lack answers. A 
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teacher's willingness to admit that she does not know everything is one of the traits of a good 
teacher. Science leads a person to wonder, to seek, to discover, to know, and to wonder anew. 
"Science is a way of doing things and solving problems" (Holt, 1989, p. 181). 
According to National Assessment of Educational Progress (NAEP, 1996), the 
traditional way of teaching science in the past focused more on the memorization of facts 
rather than on making connections or organizing facts. Now, the teaching of science 
emphasizes an understanding of scientific knowledge as well as the application of this 
knowledge. In other words, current education leaders advocate a science education 
curriculum that promotes a greater focus on understanding the guiding scientific concepts 
and principles than on remembering facts (Smith, Blakeslee, & Anderson, 1993). According 
to the National Association for the Education of Young Children (NAEYC, 1989), many 
understandings about science are related to children's own life experiences, so it is not 
necessary to use textbooks, or paper-and-pencil tasks to teach young children science. For 
instance, touching and holding a pet rabbit may promote young children to ask questions and 
make good observations such as "He's soft He feels like dandelion fuzzies. He's warm. He 
wiggles. He tickles my face. What do rabbits eat?" (Ziemer, 1987, p. 45). Similarly, when 
children are playing at the water table, they may be wondering why the wooden boat sinks to 
the bottom but the styrofoam boat drifts on the surface of the water. Based on these 
curiosities and common events, teachers and children can investigate and explore answers 
together in naturalistic ways. 
The widely adopted NAEYC developmentally appropriate practice (DAP) guidelines 
(1997) identify the best practices for teaching young children. "Developmentally appropriate 
practice is based on knowledge about how children develop and learn" (Bredekamp & 
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Copple, 1997, p. 9). The teaching strategy guidelines for 3- through 5-year-olds represents 
fundamental practices associated with early childhood education and it is summarized as: 
e Teachers use a variety of teaching strategies, such as asking questions, making 
suggestions, demonstrating skills, and providing opportunities for collaborating with peers, to 
help children learn and understand new skills. 
• Teachers encourage and support children to choose their own activities from a variety of 
learning areas and projects teachers make available. Teachers also provide information, offer 
suggestions, ask questions, and add complexity to tasks based on children's interests and 
abilities to enhance children's learning. 
• Teachers provide many opportunities for children to describe, refine, and reflect on their 
own concepts and life experiences, and it also help teachers to know what children know and 
think. 
• Teachers provide many opportunities for children to work collaboratively with others and 
develop social skills such as cooperating, helping, negotiating, and problem-solving skills 
(Bredekamp & Copple, 1997). 
These guidelines present teacher's role as providing a variety of challenging materials 
and activities for children, as closely observing and assisting children's learning and as 
stimulating children's learning in all developmental areas, i.e., physical, social, emotional, 
and intellectual. Adult-child interactions are encouraged that promote trial-and-error 
learning, self-regulation through many opportunities to inquire question, make decisions, and 
problem solve, hi addition, individual differences in age, ability, interests, timing of growth 
and development, and social and cultural contexts in which children live are encouraged 
(Bredekamp & Copple, 1997). 
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Moreover, the DAP guidelines provide educators with guidance for constructing 
appropriate curriculum for 3- through 5-year-olds that including the science curriculum. 
Specific guidelines addressing science are as follows (italics and underline are added for 
emphasis). 
1) Curriculum content from various disciplines such as math, science, or social 
studies, is integrated through themes, projects, play, and other learning experiences, so 
children develop an understanding of concepts and make connections across disciplines. For 
example, in exploring patterns in math, children use art, music, objects in nature, pegboards, 
blocks, and other materials (Bredekamp & Copple, 1997, p. 130). 
2) Teachers use a variety of strategies to help children develop concepts and skills in 
mathematics, science, social studies, health, and other content areas through a variety of 
meaningful activities. For example, teachers design activities for children to seek solutions to 
concrete problems: construct with blocks; measure sand, water, or ingredients for cooking: 
observe and record changes in the environment, work with wood and tools: classify objects 
for a purpose-, explore animals, plants, water, wheels and gears: use art media, music, 
movement and other modes to represent what they see, understand, and feel; learn and 
practice routines of healthy living (Bredekamp & Copple, 1997, p. 132). 
Science education has been highly advocated in the primary school curriculum for its 
importance for young children. For example, the recommended primary school curriculum 
includes biological science, physical science, and earth/space science (Nebraska Department 
of Education, 1993). The National Board for Professional Teaching Standards provides 
guidelines for what elementary science teachers should know and be able to teach (NBPTS, 
1990). While the NAEYC guidelines have been widely available since 1986 and the other 
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recommendations are available, no studies were found that investigated the relationship 
between the NAEYC science DAP guidelines and preschool teachers' classroom science 
teaching practices. 
National Science Education Standards 
The National Academy of Sciences (1995) developed the National Science Education 
Standards (NSES), which state "science content must be embedded in a variety of curriculum 
pattern that are developmental^ appropriate, interesting, and relevant to students' lives" (p. 
4) to enable the nation to achieve the goal that all students should achieve scientific literacy. 
The Standards provide a vision of science literacy that guides science instruction for all K-12 
grade students. "The Standards apply to all students, regardless of age, gender, cultural or 
ethnic background, disabilities, aspirations, or interest and motivation in science" (p. 2). 
They stress that science should be inquiry-based and adapted to meet the interests, abilities, 
and experiences of students. Further, they demand that science be taught through processes 
(such as observing, classifying, measuring, experimenting, and asking conclusions) and 
require students to use knowledge to reason and think critically (Krajcik, Czemiak, & Berger, 
1999). 
"Science as inquiry standards" (NSES, 1996, p. 105) highlights the ability of children 
to conduct inquiry and develop an understanding about scientific inquiry. Two elements of 
science as inquiry are described as abilities necessary for scientific inquiry and an 
understanding about scientific inquiry. For children to engage in scientific inquiry, they 
should have access to supportive environments where they feel comfortable asking questions 
about the world around them. The key to scientific inquiry lies in how these questions are 
addressed by teachers, classroom assistants, and peers (NSES, 1996). 
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Teachers, whenever possible, need to help children as they seek answers to their 
questions. Young children need opportunities to plan, conduct, and review simple 
investigations, to use simple materials and tools for data collection, and to use the 
information they have collected for answering their own questions. Young children must 
understand that science is a process of asking questions and seeking answers and that there 
are a variety of ways to find the answers when they are engaged in scientific inquiry. It is 
known that much of this understanding comes from modeling their teachers, for example, the 
science inquiry that takes place in classrooms where teachers are willing to say, "I dont 
know, but how do you think we could find out?" (Rakow & Bell, 1998, p. 166). 
The Standards are not a national curriculum, but rather a foundation for 
developmentally appropriate and fully integrated science experiences and activities in K-12 
classrooms. Although there is a need for such standards offering a vision of science 
education, there is no science education standard for early childhood education. Butzow and 
Butzow (1989) claim that "preschool is not too soon, but especially during the first three or 
four years of school the child should be exposed to scientific methods" (p. 4). There is a need 
to provide guidance for early childhood educators to implement more developmentally 
appropriate science activities for this age group. There is a need to increase the opportunities 
for young children to engage in more science inquiry. 
Science activity planning in early childhood curriculum 
Science activity planning in the early childhood years should take into account the 
way children learn and an awareness of their interests, developmental needs, and abilities 
(Smith, 1981). Instruction in science learning also should be based on children's experiences 
and their ability to observe scientific processes (Howe, 1993). This suggests that science 
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education in early childhood needs to emphasize hands-on experiences as the primary 
learning strategy. Children should be provided with a variety of opportunities for 
questioning, exploring, demonstrating, investigating, and experimenting though engaging 
activities. They should be able to test their understanding by directly working with objects 
and processes (Spodek & Saracho, 1994). Children should learn how science relates to what 
they do in their everyday lives. Although some science activities may not lead to complete 
understanding for young children, their actions and their questioning will establish a good 
foundation for future science exploration. 
The National Center for Improving Science Education (NCISE, 1990) offers a general 
framework for early childhood science for kindergarten through sixth grade; however, the 
goals are broad enough to serve as guidelines for planning experiences for preschool 
children, according to Bredekamp and Rosegrant (1995). These recommended goals are: 
• develop each child's innate curiosity about the world; 
• broaden each child's procedural and thinking skills for investigating the world, solving 
problems, and making decisions; 
• increase each child's knowledge of the natural world (NCISE, 1990, p. 9). 
Bredekamp and Rosegrant (1995) indicated that for 3- and 4-year-old children, it is 
more appropriate for the curriculum to concentrate on observing, communicating, and 
comparing. For 7-and 8-year-old children, the curriculum should include more systematic 
data collecting, organizing, relating, inferring, and applying since these processes require 
more abstract thinking. 
Neuman (1972) used the term "sciencing" to describe science-related activities for 
young children. He divided sciencing into three categories: formal sciencing, informal 
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sciencing, and incidental sciencing. Formal sciencing takes place as a planned group activity 
and is marked by a certain amount of structure. That is, the teacher plans lessons, prepares 
the necessary materials, and lets the children make discoveries. It is a teacher-directed 
approach in which children learn by doing activities the teacher has prepared. Informal 
sciencing is "a completely open-ended and generally individualized phase of the total 
sciencing program" (p. 139). Teachers select materials and place them in the science center 
or the outdoor area for children to manipulate these materials in a variety of ways. In 
contrast, incidental sciencing is unpredictable and open, and is carried out when a motivating 
incident spontaneously occurs. The teacher does not plan the incident, but the event or issue 
is very important to children. 
For instance, what happens in a classroom when a gold fish dies? Should the teacher 
merely throw it in the trash? Or should the teacher talk about the death of the gold fish with 
the children and ask, "I wonder what happened to the gold fish?" Another opportunity occurs 
when children see a rainbow and want to know more about rainbows. According to Neuman 
(1978), children learn inquiry process skills from doing formal sciencing. The inquiry 
process skills are observing, classifying, communicating, and quantifying. Observing 
involves children learning to use their five senses. Classifying refers to children learning to 
sort objects on the basis of some observable properties. Communicating means children are 
learning to clearly and accurately exchange information to others. Quantifying means 
children are learning to compare objects on the basis of amount or size, i.e., they leam to use 
numbers and numerals and to arrange objects in an order. Neuman further emphasized that 
children should not be forced to leam, but rather they should be encouraged to investigate 
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and be curious. Teachers need to consider children's age level when they plan fonnal science 
activities. 
There are opportunities everywhere in young children's environment to build a strong 
foundation for their science learning. The school is a natural laboratory for children to 
experience science when science activities, such as collecting pinecones, watching a spider's 
web, looking at the movement of fish, help children inquire their natural curiosity and lead 
them to further exploration, are available. Other science activities, such as, cooking, develop 
children's sensory skills. While seeing the changes of the ingredients though the cooking 
processes, children could be asked to predict the outcome of a cooking experiment (Dahl, 
1998). When provided with a wide array of science materials and equipment, such as 
magnifying glasses, mirror, measuring cups, plants, and science-related books, children can 
readily pursue divergent investigations. Each material and equipment helps a child focus on a 
particular avenue of exploration. For instance, a magnifying lens is used to look closely at 
things and a mirror is for exploring light (Ross, 2000). It is important for teachers to model a 
positive attitude toward science through their enthusiasm, curiosity and interest. The teacher 
needs to be alert to every opportunity to do some spontaneous teaching during the daily 
routine (Croft, 2000). 
According to Bredekamp and Rosegrant (1995), "the primary purpose of integration 
is to make curriculum more meaningful for young children" (p. 168). It is important to 
provide an organizing topic or concept within children's range of experience because they 
allow children to explore, interpret, and engage in learning activities (Bredekamp & 
Rosegrant, 1995). Integrating science experiences with other curriculum areas enhance 
children's mental performance (Harlan & Rivkin, 2000). Since all things are related to each 
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other in some way, activities in science can integrate with literature, mathematics, and other 
areas of the early childhood curriculum (Ziemer, 1987). 
This integrated approach to science education is based on Howard Gardner's multiple 
intelligence theory (1983). He views intelligence as problem-solving, problem creating, and 
problem-finding across a range of situations. He believes that there is no single underlying 
general type of intelligence, in other words, we have multiple intelligence, such as linguistic, 
musical, logical-mathematical, spatial, bodily-kinesthetic, interpersonal, intrapersonal, 
naturalist, spiritual, and existential. This approach provides early childhood educators with a 
stronger rational for using an integrated curriculum, which traditionally has not been 
practiced in the schools (Harlan & Rivkin, 2000; Linich, 1999). 
Thus, when children learn about light, the teacher can encourage children to shine a 
flashlight through different colored lenses to see the various colors of light. In the art area, 
children can mix different colors of paints and the teacher can help them to record their 
explorations (Spodek & Saracho, 1994). "Math activities are an integral part of all science 
because they provide ways to quantify and record observations" (Harlan & Rivkin, 2000, p. 
11). For instance, in the sensory area, when children are playing with water, teachers can 
provide children a set of measuring cups or different size of containers, then teachers can ask 
children how many small containers of water it takes to fill a cup, and so on. This area also 
provides sand and other materials such as snow, acorns, styrofoam pieces, and soil for 
offering a variety of science experiences. The science area, or discovery center, is "where 
children can explore, experiment, and practice the skills of scientific investigation: observing, 
classifying, comparing, communicating, inferring, predicting, and concluding" (Croft, 2000). 
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Children can explore balances, magnifiers, and measurement devices while exploring 
materials with items in this area. 
"Literacy can also set the stage for discovery" (Ross, 2000, p. 10). In the language 
and reading area, a teacher could read a book about spiders along with letting children see 
real spiders. Some possible questions like "How many legs does a spider have?," "What kind 
of spider is in the cage?," and "How different from this spider to others?" will help children 
develop their science process skills, such as observing, comparing, and counting. Making 
science-related books available in the classroom would support children's learning and 
further exploration. Now almost every preschool classroom has a computer, and computer 
may produce an advanced cognitive type of play among children (Clements, 1997). 
Discovery-based software would encourage and allow children extensive room for 
exploration. Haugland (1992) found that preschoolers who were exposed to developmental 
software have shown improvement scores in verbal, problem-solving, and conceptual skills. 
In summary, children's indoor and outdoor play provides many opportunities for 
exploring science concepts and gaining information since science with young children can 
occur in almost all settings. The classroom areas, by their design, promote problem solving 
and positive risk taking and children leam to make independent decisions as they explore 
concepts designed to teach the how-to of science rather than words and facts (Winnett et al., 
1996). 
Conclusions 
This review of literature provides evidence that preschool children's thinking is 
enhanced through concrete and hands-on experiences that help them gain a better 
understanding about their world. While several professional associations have provided 
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recent guidelines for early childhood science teaching, little is known about how teachers 
teach science in the preschool classroom and whether the science activities promote 
preschool teachers verbal engagement with the children. It is important for further research to 
explore preschool teachers' science teaching practices, such as the ways spontaneously 
verbally engage children in a variety of activities. 
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CHAPTER 2: TEACHER INTERACTION BEHAVIORS 
IN PRESCHOOL SCIENCE TEACHING 
A paper to be submitted to Journal of Early Childhood Teacher Education 
Tsung-Hui Tu123 and Joan E. Herwig1 
Abstract 
The purpose of this study was to examine preschool teachers' verbal interactions with 
children during morning self-selection time. Naturalistic (Day 1) and experimental (Day 2) 
designs were used to provide empirical evidence of the availability of science activities and 
accessible science materials in preschool classrooms. The participants were 20 head teachers 
of 3- to 5-year-old preschoolers in central Iowa child care centers. Each teacher was 
videotaped for two consecutive days during morning self-selection time. The most frequent 
preschool teachers' verbal interaction for Day 1 and Day 2 combined was giving learning 
guidance, and they used more verbal statements than questioning statements. Teachers 
tended to interact with children mostly in the art area. During the pre-planned science 
activity, the most frequent teacher statement was giving learning guidance (M - 2.07) and the 
most frequent questioning statement was closed questions (M = 1.00). Comparing Day 1 and 
Day 2 teacher verbalizations, the findings showed that on Day 2 teachers used more 
1 Graduate student and associate professor, respectively, Department of Human Development 
and Family Studies, Iowa State University. 
2 Primary researcher and author. 
3 Author for correspondence. 
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learning guidance and information talk statements and more attention-focusing questions as 
well. On Day 1, teachers used more praise and acknowledge statements and closed questions. 
Teachers' use of the science-related questions (i.e., attention-focusing, problem-posing, 
measuring and counting, comparing, and reasoning questions) was significantly related to the 
classroom areas. The study showed that preschool teachers tended to use more measuring and 
counting questions in the block and manipulative areas and used more reasoning questions in 
the dramatic area. These findings suggest that children's science process skills (e.g., 
observing, predicting, classifying, collecting, and recording data) related to the activity 
settings/materials in the classrooms. Involving a science activity seemed to increase teachers' 
verbal interactions, including both verbal and questioning statements. 
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Introduction 
Teachers interact with children in such ways as reading stories, giving hugs, tying 
shoes, and posing questions (Kontos & Wilcox-Herzog, 1997). Researchers who have 
investigated the importance of teacher-child interactions in early childhood programs and 
often have focused on teachers' roles, sensitivity, involvement, and talk (Bredekamp & 
Copple, 1997; Howes, Phillipsen, & Galinsky, in press; Kontos, Howes, Shinn, & Galinsky, 
1994; Kontos & Wilcox-Herzog, 1997; Melhuish, Lloyd, Martin, & Mooney, 1990; 
Whitebook, Howes, & Phillips, 1989). For instance, warm, nurturing, sensitive, and 
responsive adult-child interactions facilitate children's play and guide children's social 
emotional development (Bredekamp & Copple, 1997). Children's language and cognitive 
development also have been shown to be related to teacher-child interactions (Kontos et al., 
1994; Melhuish et al., 1990; Whitebook et al., 1989). hi addition, children who received 
more positive initiations, responses, and guidance from teachers were most likely to develop 
secure attachment with their teacher (Howes et al., in press). There is consistent evidence that 
the teacher-child interaction is very important for children's optimal development. For 
example, the exploration of science activities helps children develop science process skills, 
such as communication, observation, prediction, and classification. These skills help children 
develop logical and creative thinking as well as offering opportunities for them to effectively 
solve problem in their daily lives (Harlen, 1985). 
"As children leam to think scientifically and understand science concepts, they are 
embarking on a lifetime of learning" (Abdi, Taylor, & Freilich, 1998, p. 31). However, the 
general public's perception of preschool teachers and child care providers are "baby-sitters," 
where their main responsibilities are taking care of and socializing with children. Thus, 
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teaching science is not considered possible; it was often thought that science is too difficult 
for young children to understand and manipulate, so many people think that children should 
leam science later in their schooling (Barrett, Blinderman, Boffen, Echols, House, Hosoume, 
& Kopp, 1999). Many organizations have advocated the importance of science on young 
children's lives, such as National Science Foundation, the U.S. Department of Education, 
American Association for the Advancement of Science (AAAS), and National Association 
for Education of Young Children (NAEYC). They all believe that the early years are prime 
for active learning and science can play a valuable role in a child's development and 
learning. The teachers' roles become very important in this process and in stimulating verbal 
interactions, teachers' roles include asking questions to promote critical thinking as related to 
children's understanding of science concepts. 
Teacher's role 
In general, the teacher's role focuses on socializing with children, encouraging 
children's play activities, monitoring children's behaviors for safety, and managing their 
misbehaviors (Kontos & Wilcox-Herzog, 1997). Teachers have a continuous role in reviving 
children's curiosity and guiding science discovery learning in the preschool; teachers need to 
nurture children's curiosity and provide active learning experiences (Harlan & Rivkin, 2000). 
In play settings, teachers can interact with children to provide specific information to 
children and to expand their learning possibilities inherent in the play situations (Schrader, 
1990). 
According to Chaille and Britain (1997), teachers play several roles in children's 
science learning, such as teacher as presenter, question asker and problem poser, 
environment organizer, and recorder children's learning, hi both large and small groups, 
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preschool teachers demonstrate the use of materials, choices, or activities to children as this 
is often the way an activity or a set of materials is introduced. It is preferable for the teacher's 
presentation to be in an open-ended manner to encourage children to offer multiple responses 
and questions. The role of teachers includes being a question asker and a problem poser to 
stimulate children's thinking. If a child pauses or appears to be leaving an activity, the 
teacher could pose a question or offer a suggestion to encourage the child to extend the 
activity and to think at a different perhaps more complex level. It is important to catch 
children's interest and let them raise and answer their own questions so that they are 
empowered and see themselves as the source of wonderful ideas. "Children learn by 
interacting with their physical environment," so the environment of the classroom needs to be 
"easy traffic flow, flexibility, accessibility, reciprocity, self-direction, social interaction" (p. 
67). 
The teacher's role usually is planning curriculum, preparing theme-related play 
materials, providing adequate space in the classrooms, and scheduling field trips. To help 
children understand science concepts, teachers need to plan, set up, and schedule science 
experiences (Holt, 1989). In other words, teachers make science experiences happen. While 
planning early science experiences, the materials and activities need to be developmentally 
appropriate for young children and need to be available and accessible for children to have 
free exploration and require an available adult who promotes children's learning through 
questioning, responding, facilitating, and supporting. 
Teacher-child verbal interaction 
NAEYC's guidelines for developmentally appropriate practices (DAP) emphasizes 
the importance of adult-child interactions. Caregiver characteristics are an important 
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predictor of child development and the quality of the early childhood program (Dunn, 1993; 
Howes, 1992). Teacher-child interactions are considered to be developmentally appropriate 
when the teacher (a) responds quickly, directly, and warmly to children; (b) provides a 
variety of opportunities to participate in two-way communication; and (c) identifies and 
elaborates on the feelings, interests, and activities of children according to their age and 
individual development (Bredekamp, 1987). 
It is essential for teachers to promote children's discovery by providing scaffolding 
experiences through questions, demonstrations, and explanations. Scaffolding requires an 
adult to model and structure the child's learning experiences in guiding the child's 
acquisition of new cognitive skills (Bee, 1999). For instance, when a child has difficulty 
assembling a puzzle, a teacher might point to the bottom of the puzzle and say, "Which piece 
could go here?" She might continue by saying, "What piece looks like this shape?" "There 
you have it. Now try twisting and turning the piece to see how it fits" (Berk & Winsler, 
1995). To be effective with this assisted discovery process, teachers need to function within 
each child's zone of proximal development Vygotsky (1978) defined the concept of the zone 
of proximal development as the range of tasks that are too hard for the child to accomplish 
alone although they can be achieved by the child with the help of an adult Therefore, with 
help, a child can go beyond his or her present developmental level. Adult-child interaction 
become crucial because it provides necessary assistance as the child stretches his or her level 
of development (Schrader, 1990). 
Several studies have examined teachers' verbal interactions with children (Fleer, 
1992; Kontos & Dunn, 1993; McCartney, 1984). Kontos and Dunn (1993) studied caregiver 
practices and beliefs in child care varying in developmental appropriateness and quality. The 
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results showed that the most frequent caregiver-child interactions were positive guidance 
(e.g., praise, nurturance, and redirection) and limit setting. The least frequent interactions 
involved divergent questions and elaboration of children's play activities. These findings 
suggested that caregivers' interactions with children tended to be giving guidance and not 
facilitating children's free-play activities. McCartney (1984) studied the effect of the day 
care environment on children's language development. She found that teachers frequently 
asked questions and gave information to children; however, they were also likely to give 
directives. She found that teachers generally did not express feelings and attitudes with the 
children or talk to them about social relations. Fleer (1992) studied teacher-child interactions 
in science education. She explained that "the use of the scaffolding metaphor in science 
education makes clear to practitioners the role of the teacher in facilitating conceptual change 
in children" (p. 395). Since very few studies have investigated teacher-child verbal 
interactions in preschool settings, little is known about teacher-child verbal interactions in 
preschool science teaching in either informal or more formal science experiences for young 
children. 
Teacher questioning behavior 
"Questions can be powerful tools for stimulating children to think-, describe, and ask 
questions of their own" (Barrett et al., 1999, p. 43). Good questions can promote children's 
observation skills, develop their problem-solving skills, and encourage them to share ideas 
(Barrett et al., 1999; Branscombe, Castle, Dorsey, Surbeck, & Taylor, 2000). Questioning 
helps children construct knowledge about how they make sense of their world (Branscombe, 
et al., 2000). According to DAP guidelines, teachers pose problems, ask questions, and make 
comments and suggestions that stimulate children's thinking and extend their learning. 
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Teachers provide cues and other forms of scaffolding that enable the child to succeed in a 
task that is just beyond his or her ability to complete alone (Bredekamp & Copple, 1997). 
Teachers help children develop questions by encouraging children to turn their interests and 
thoughts into questions (Helm & Katz, 2001). Teachers can enhance children's curiosity 
through useful phrases for questioning and commenting (Croft, 2000). Questioning children 
and listening closely to their responses allows teachers to assess what children think and why 
they have a particular idea (Penick, Crow, & Bonnstetter, 1996). 
Several researchers have developed teacher interaction behavior models and coding 
schemes for empirical and instruction purposes to assess questioning behaviors. These 
include the inquiry-based instruction model (Sigel & Saunders, 1979), the verbalization 
categories (Carman, 1990), Schlitt-Abraham Teacher Interaction Coefficient (SATIC) 
(Abraham & Schlitt, 1973), and the Teaching Styles Rating Scale (TSRS) (McWilliam, 
Scarborough, Bagby, & Sweeney, 1998). 
Sigel and Saunders (1979) advocate an inquiry-based instruction model to promote the 
use of question asking as an effective instructional strategy for stimulating cognitive growth, 
focused thinking, and problem solving. Two types of direct verbal questions, such as open 
and closed, were studied. Closed questions usually have a clear referent and message, e.g., 
"Did you wash your hands?" Open-ended questions may be comments such as, "Tell me 
about your trip to the pumpkin farm." Li general, closed questions are considered undesirable 
because of their limited use in producing verbal language, whereas open-ended questions are 
considered desirable because of the increased use of verbal language, communication, and 
the cognitive growth they stimulate. Sigel and Saunders (1979) suggested that open-ended 
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questions create discrepancy as the adult requests the child to reconstruct a previous 
experience with little information regarding what is the correct response. 
Preschool children who are exposed to question-asking programs have shown greater 
gains in problem-solving tasks requiring anticipation (Cocking & Sigel, in press). Carman 
(1990) investigated teacher-questioning behaviors of teacher education students who had 
been trained to implement naturalistic language teaching strategies. The strategies included 
information talk, expansion/expansion plus, and open-ended questions. Also, the students 
were trained to decrease their use of closed questions. Carman (1990) defined information 
talk as when the adult responds to a child's comment, describes what a child is seeing or 
doing, gives a positive verbal comment or answers a child's question with specific (including 
yes/no) or descriptive information, e.g., "The picture looks beautiful." Expansion/expansion 
plus are utterances which are extensions of the specific words previously stated by a child. 
For instance, a child says, "It's a boat." Then, an adult says, " It's a cargo boat" Open-ended 
questions are the utterances that encourage a response of more than one word; e.g., "What 
would happen if we did that?" In contrast, closed questions are the utterances which require 
the child to produce only one or two word response; e.g., " What is it?," "What color is it?", 
"Is that a lion or a tiger?" 
Abraham and Schlitt (1973) developed SATIC, an instrument, which measures the type 
and amount of teacher verbal behaviors. SATIC was designed for teachers' self-evaluation 
on their verbal behaviors during their teaching. Self-evaluation is a necessary component in 
the professional growth of teachers, either prospective or practicing teachers (Abraham & 
Schlitt, 1973). The instrument includes fourteen categories: (1) lectures or gives directions; 
(2) makes statement or asks rhetorical question; (3) asks short answer question; (4) asks 
37 
extended answer question; (5) pauses (gives enough time for student response); (6) cuts off 
or rushes student response; (7) rejects student comment, answer or question; (8) accepts 
students comment or answer; (9) confirms student comment or answer, (10) repeats student 
question or answer; (11) clarifies or interprets student verbal behavior; (11) answers student 
question; (12) answer or question; (13) asks student to clarify or elaborate; (14) uses student 
question or idea. 
McWilliam et al. (1998) developed the Teaching Styles Rating Scale (TSRS), which is an 
observational instrument designed to study the quality of specific interaction behaviors and 
affective characteristics of early childhood teachers. The seven discrete items measured are 
redirects, introduces, elaborates, follows, informs, acknowledges, and praises. 
Researchers indicate that many teachers do not ask questions effectively (Gall, 1970; 
Jones, 1990; Rice, 1977). Gall (1970) reported that elementary and high school teachers 
frequently asked for memorized factual information. She stated that 60 percent of the 
questions were asking students to recall facts, and only 20 percent of the questions required 
students to think. The remaining 20 percent of the questions involved students in procedural 
matters. Ineffective or inappropriate teaching practices include asking questions at only lower 
cognitive levels (Omstein, 1987) and directing an uneven proportion of questions to a few 
students (Jones, 1990). Lower cognitive level questions begin with who, what, when, where, 
name, or those that ask for factual recall, or can be answered with a yes/no, single word, or 
short phrase (Rice, 1977). 
"Questions can be divergent or convergent" (Barrett et al., 1999, p. 44). Divergent 
questions, such as "what do you think?" and "what might happen if?," stimulate children's 
thinking and encourage investigation. Convergent questions, on the other hand, can limit a 
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child's thinking when used too often. Convergent questions ask for specific information, such 
as "how many legs does a ladybug have?" Barrett et al. (1999) further emphasized that no 
matter whether the answers that children provided are correct or not, these answers provide 
teachers feedback on evaluating children's understanding and experience with a particular 
concept or topic. Also, they suggest that by asking open-ended questions, teachers can 
encourage children to verbalize their observations and thoughts. Crump (1970) studied the 
relationship between intermediate-grade teachers' use of language and children's level of 
thinking and found that teachers instructed in the use of various types of questions were more 
likely to increase their selection of questions associated with higher cognitive levels of 
thinking, such as questions associated with discovery versus recall, with divergent versus 
convergent thinking, or with application and evaluation versus memory and translation. 
Penick et al. (1996) developed a logical questioning strategy with categories of History, 
Relationships, Application, Speculation, and Explanation (HRASE). The strategy of History 
was questions related to the children's experience, and the questions include what happened, 
what did you do first, and what made you think of doing that? Seeking relationships and 
patterns is an important part of science process. The examples of Relationship questions 
include: how does this compare to..., if happened, what happened to . Applying 
knowledge shows a true understanding of knowledge. The questions the teacher may ask are 
how would you use this, what problems could this solve, where can we find examples of this 
in the real world? Speculation questions include: if you wanted to prevent that from 
happening, what would you do, if that is true, then..., what might be inside the black box? 
Explanation questions include, how does that work, what causes that to happen? The HRASE 
has been taught to more than 60 preservice science teachers and 200 participants in various 
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workshops in the United States and Europe. According to Penick et al. (1996), they 
continually get positive feedback about how useful this strategy is in the classroom. 
According to Eltgeest (1985), a good question stimulates thinking that leads to where the 
answer can be found. The right question asks children to show rather than to say the answer. 
He called these productive questions because they stimulate productive activities. Productive 
questions enable a teacher to provide scaffolding for children who are beginning to build 
their own understandings. Productive questions allow a teacher to meet children where they 
are and provide the kind of support needed at any given moment He argues that productive 
questions are attention-focusing questions, measuring and counting questions, comparison 
questions, action questions, problem-posing questions, and reasoning questions. The 
questions identified are not intended to be asked in any particular order, but they are expected 
to be responses to what the teacher hears and sees happening. These productive questions of 
Eltgeest are related to Bredekamp and Rosegrant (1995), "the questions/comments to 
encourage sciencing by young children" (p. 61). A comparison table is presented in Table 1. 
The teacher's role becomes more monitoring and facilitating as students become more 
actively involved and responsible for their own learning (Martens, 1999). 
No studies have investigated preschool teachers' questioning behavior in science-related 
activities. Many researchers have attempted to enhance science teachers' questioning 
behavior to promote more student inquiry in science classes, however, most of the studies 
involved preservice elementary science teachers (Anshuts, 1973; Doyle, 1972; Larson, 1973; 
Masla, 1968; Rice, 1977; Riley, 1978). For instance, Anshuts (1973) observed that inquiry 
teaching was little used or poorly understood. She believed that teachers needed to modify 
their questioning behavior and use wait-time between asking a question and offering an 
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Table 1 
Science-related questions identified to elicit children's science process skills 
Eltgeest (1985) Bredekamp and Rosegrant (1995) 
Productive questions Learning Cycle Sciencing Processes 
Attention-focusing question Awareness Observing 
Action question Inquiry/experimentation Relating 
Problem-posing question Inquiry/experimentation Relating 
Measuring and counting 
question 
Exploration Quantifying 
Comparing question Exploration, 
Inquiry/experimentation 
Comparing, Organizing, 
Classifying, Inferring 
Reasoning question Utilization Applying, Communicating 
answer. She investigated the effects of training in questioning skills and wait-time on 
preservice elementary science teachers. The questions identified on audiotapes were 
categorized as rhetorical, informational, leading, or probing. The findings showed that the 
experimental group asked more questions than did the control group and their composite 
wait-time was twice that of the control group. Doyle (1972) emphasized training of 
preservice elementary science teachers in the use of probing questions. The questions were 
defined as asking for clarification, verification, or justification, or the extension of 
knowledge. He found that instruction helped elementary students write and classify probing 
questions, write appropriate probing questions in response to written replies, and respond to 
verbal replies. Larson (1973) investigated the questioning strategies of fifth-grade teachers 
when they taught science lessons. The four-category system included teacher-eliciting 
statements, cognitive content categories (knowledge, convergent thinking, divergent 
thinking, evaluation, affectivity, procedure), student responses, and teacher reaction to the 
response. Findings indicated that teachers tended to ask questions at the simple recall level 
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and they tended to ask questions without any designation of who should respond. Masla 
(1968) focused on the use of interaction analysis instruction and its effect on the verbal 
inquiry patterns of preservice science elementary teachers. One category of the interaction 
analysis system included questions that were subdivided into cognitive memory questions, 
convergent thinking questions, divergent thinking questions, and evaluative thinking 
questions. The study showed that the experimental group, who received intensive instruction 
in interaction analysis, indicated a significantly greater proportion of open-ended questions. 
Rice (1977) investigated whether wait-time, the number of questions asked, and the cognitive 
level of questions would improve if preservice elementary science teachers were given 
instruction dealing with various question-asking strategies. The findings revealed that the 
teachers receiving instruction on specific question asking strategies indicated significant 
improvement over preservice elementary science teachers who did not receive such 
instruction. Similarly, Riley (1978) found that training in the meaning and use of a question 
classification system raised the cognitive level of questions asked by preservice elementary 
science teachers. 
Few studies have investigated teacher-child verbal interactions in preschool and 
kindergarten settings. Yoon (1991) studied 12 Korean kindergarten teachers' verbal 
questions and kindergartners' verbal responses during group time using the Aschner-
Gallagher classroom system. The types of teacher questions included cognitive-memory, 
convergent, evaluative, divergent, and routine. Significant differences were found among 
teachers in the proportion of questions asked. Also, there was a significant positive 
relationship between the level of teacher questions and the level of the children's responses. 
Powell and Lawton (1992) studied the dependencies between questions and responses during 
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small-group instruction in two preschools. Their findings supported the expectation that 
teacher questions were immediately followed by a child's related response. Also, the result 
showed that teachers' questions referring to process skills (e.g., classifying, relations, and 
conservation), facilitated children's process thinking. These findings suggest that if teachers 
desire to provide opportunities for children to engage in high-level thinking, an effective 
teaching strategy may be to ask questions pertaining to process. 
In summary, based on the review of literature, the use of questioning has been one of the 
primary means teachers use to stimulate children's thinking and learning. While considerable 
research has been done in teacher questioning behaviors of preservice elementary science 
teachers (Anshuts, 1973; Doyle, 1972; Larson, 1973, Marsla, 1968; Rice, 1977; Riley, 1978), 
few studies have investigated preschool and kindergarten teachers (Powell & Lawton, 1992; 
Yoon, 1991). In fact, there has been no research focusing on preschool teacher's questioning 
behaviors during informal and formal science-related activities. Undoubtedly, science 
experiences have a great value on children's development and learning. However, little is 
known about what actually happens in science teaching in the preschool settings. 
The purpose of this empirical study was to investigate preschool teachers' verbal 
interactions with children during informai and formal science-related activities and the 
availability of science activities and science materials in the preschool classrooms. The 
specific objectives of the study are: 
1. What types of verbal interactions do teachers have with the preschoolers in their 
classroom during morning self-selection time? 
2. What types of verbal interactions do teachers have with the preschoolers during morning 
self-selection time pre-planned, formal science, activity? 
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3. Are there differences in teachers' verbal interactions with preschoolers in informal self-
selection time (Day 1) and a pre-planned, formal science activity (Day 2)1 
4. h which areas of the classroom do preschool teachers use more science-related 
questions? 
Method 
Participants 
The participants for this study were 20 head teachers of 3- to 5-year-old preschoolers 
employed in central Iowa child care centers. The teachers had completed at least one year of 
teaching in their center and were selected for participation in this study by their child care 
director. There were 9 teachers (45%) in the NAECP accredited program and 11 teachers 
(55%) in the non-accredited program. All the participants were White/Caucasian females. 
The majority of the preschool teachers had a bachelor's degree (n = 12,60%), 25% (n =5) of 
the preschool teachers had a high school diploma and 15% (n =3) of the preschool teachers 
had attended junior college or equivalent (see Table 2). Fifty percent of the preschool 
teachers had a teaching licensure. The type of licensures included 40% (n = 8) of the 
preschool teachers had licensure concerning birth through Prekindergarten/K or Early 
Childhood (birth to 8 years) while 15% (n = 3) of the preschool teachers had Elementary Ed 
(K-8 grades) teaching licensure. 
Instruments 
Five measures were developed for this study. The measures were the Preschool 
Classroom Science Materials Checklist (see Appendix D), the Preschool Activities Checklist 
(see Appendix E), the Preschool Classroom Teacher Interview Form (see Appendix F), 
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Preschool Teacher Classroom/Sciencing Coding Form (see Appendix H), and Preschool 
Teacher Verbal Interaction Coding Form (see Appendix J). 
It was likely that the preschoolers in each classroom inadvertently would be included 
on the videotape although they were not the participants for this study. A total of 318 parent 
written consent forms were distributed to 20 preschool classrooms and 275 (86%) consent 
forms were returned, with 262 (82%) granting permission to participate (see Appendix C). 
Preschool Classroom Science Materials Checklist. This checklist was created to 
record the presence of science materials in the preschool classroom (see Appendix D). The 
checklist items were adapted from Tu (1997). The checklist includes four categories: science 
materials, experimental equipment, natural materials, and others. The science materials items 
include aquarium, flashlights, living animals, and water table. The experimental equipment 
includes timer, prisms, and measuring cups and spoons. The natural materials include bird 
nests, dried flowers, feathers, insects, and plants. Science materials that were not on the list 
were recorded in the category of other. The science materials were checked if they were 
visible and accessible for preschoolers. 
Preschool Classroom Science Activities Checklist. The Preschool Classroom 
Science Activities Checklist was designed to identify the presence of science activities for 
preschoolers in the classroom. The checklist includes five classroom activities: science area, 
cooking, sand box, water table, and variety sorting objects (see Appendix E). 
Preschool Classroom Teacher Interview Form. This interview was designed to 
collect demographic information from the teachers, and to record their perspectives about 
science teaching in their classroom settings. Specific questions regarding the experimental 
science activity provided by the researcher on the second day were asked, for instance, 
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Table 2 
Demographic characteristics of preschool teacher participants (n = 20) 
Items n % 
Education 
High school diploma 5 25 
CDA 0 0 
Junior college or Equivalent 3 15 
BAVB.S. degree 12 60 
M.A./M.S. or Professional degree 0 0 
Other 0 0 
Teacher licensure 
None 10 50 
Prekindergarten/K I 5 
Inclusive (Birth-6 years) 
Prekindergarten/K 1 5 
Early Childhood (Birth- 8 years) 
Elementary Ed (K-8 grades) 
Prekindergarten/K 2 10 
Elementary Ed (K-8 grades) 
Early Childhood (Birth- 8 years) 3 15 
Elementary Ed (K-8 grades) 
Elementary Ed (K-8 grades) 3 15 
Table 3 
Preschool teachers ' teaching experiences in day care, preschool, and kindergarten 
Day care (Full day) Preschool (Half day) Kindergarten (Half day) 
n Mean Range n Mean Range n Mean Range 
Head Teacher 6.89 0-25 2.00 0-22 0 0 
0-3 years 7 18 0 
4-10 years 8 0 0 
More than 10 years 5 2 0 
Teacher Assistant 0.57 0-3 0.13 0-2 0 0 
Less than 1 year 17 19 0 
2-3 years 3 1 0 
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"What is your definition of science for young children?," "How would you evaluate today's 
science activity?," "What were your expectations today for the children when doing this 
preplanned science activity?," and "What would you do differently next time with this 
specific science activity?" The interview required about 15 minutes on the second day of the 
videotaping; the interviews were audiotaped (see Appendix F). 
Preschool Teacher Classroom/Sciencing Coding Form. This coding was developed 
for investigating which area of the classroom preschool teachers engage most interaction 
with children and whether the activities in which they involved with children are related to 
science activity (see Appendix H). 
The teacher-child interaction classroom areas: Nine typical areas of the preschool 
classroom were identified to label where the teacher was located in the classroom during the 
videotaping. The areas were art, blocks, computer, manipulative, science, dramatic play, 
language and reading, sensory, and other. The videotape was viewed by coders to record the 
classroom area during every 30-second interval. When more than one activity area was 
observed, the activity was occurring 15 seconds or longer was coded. Examples of the 
interaction coding areas were presented in Appendix G. 
Sciencing: The system for coding science-related activities in the preschool classroom 
included four categories: formal sciencing, informal sciencing, incidental sciencing 
(Neuman, 1972), and none of the above. The operational definitions are as follows: 
Formal sciencing: Teacher plans lessons, prepares materials, presents the 
activities to the children, and then encourages the children do the activity, as much as 
possible, to make discoveries. Examples including providing a cooking activity, introducing 
a pet, setting up an incline, or providing a melting/freezing activity. 
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Informal sciencing: Teacher sets up a comer or section of a room or 
outdoor area as the "sciencing center." Teacher selects materials and makes them available to 
the child who is interested in using them. The child freely chooses to use the materials and 
explore them in a variety of ways. Materials could include magnifying glasses with nature 
materials (e.g., bird's nests, feathers, nuts and seeds), scales with a variety of objects (e.g., 
objects in different sizes and weights), magnets with different items (e.g., paper clips, 
markers, metal spoons). 
Incidental sciencing: As the name implies, incidental sciencing is 
unpredictable, open-ended, and spontaneous; it is not planned by the teacher. It is the result 
of an occurrence that is interesting to one or more children and is elaborated and expanded by 
the teacher, for instance, the class pet died over the weekend, an animal is unexpectedly 
brought to the classroom, a rabbit is seen hopping by the classroom window, or the weather 
suddenly changes. 
None of the above: The activity that the teacher involved with children is 
not related to science activity. 
A category was coded for every 30-second interval. When there were more than one 
activity area was observed, the activity that was occurring 15 seconds or longer was coded 
(see Appendix H). 
Preschool Teacher Verbal Interaction Coding Form. This form was developed to 
code the teacher's verbal interactions in the classroom, specifically focusing on the preschool 
teacher's questioning statements. The Preschool Teacher Verbal Interaction Coding Form 
includes two parts, teacher verbalization statement and teacher questioning statement (see 
Appendix J). 
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Teacher verbalization statement: The teacher verbalization statement categories were 
derived from several studies (Abraham & Schlitt, 1973; Carman, 1990; McWilliam, 
Scarborough, Bagby, & Sweeney, 1998). The teacher verbalization statement includes five 
categories: learning guidance statement (McWilliam et al., 1998), information talk statement 
(Carman, 1990), praise statement (McWilliam et al., 1998), acknowledge statement 
(Abraham & Schlitt, 1973; McWilliam et al., 1998), and follow-up statement (Carman, 1990; 
McWilliam et al., 1998). Examples for each verbal statement category are presented in 
Appendix I. 
The operational definitions are as follows: 
Learning guidance: The teacher demonstrates the activity or behavior the child will be 
doing or describes the next step in the current activity. It also includes the teacher giving the 
unengaged child, or a child who has just arrived at the activity, something to do. 
Information talk: These are utterances the teacher used in response to a child's 
comment, to describe what the child is seeing or doing, or to give a positive verbal comment 
or answer to a child's question with specific information. 
Praise: The teacher praises a child by conveying pleasure or admiration for the child, 
the child's behavior, or the child's product 
Acknowledge: The teacher uses statements such as "okay" and "all right" which 
acknowledges the child's activity or approves the child's verbal behavior without 
elaboration. 
Follow-up: The teacher elicits verbal or behavioral responses related to a child's 
activity. These utterances are extensions related to previous specific statements stated by a 
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child. The teacher responds to a child's comment by elaborating on the child's words, i.e., 
what the child has just said. 
Other statement: This is coded when the teacher talks to a teaching assistant, parent, 
the children's sibling, or herself/himself. Any greeting statements (e.g., hi, good morning), 
polite sayings (e.g., thank you, excuse me), and announcements (e.g., we have 10 minutes to 
play) are coded as other. 
The coding was done at every 15-second interval across the 10-minute videotaped 
segment. A mark was placed in one box next to each verbalization statement category as it 
occurred. This coding of behaviors was done as the verbal statement was observed and was 
repeated when the verbal statement observed again (see Appendix J). 
Teacher questioning statement: Verbal interaction was also coded for the type of 
question-asking that takes place. The system for coding teachers' question asking includes 
seven categories: closed question, attention-focusing question, action question, problem-
posing question, measuring and counting question, comparing question, and reasoning 
question. The first category of closed question was adopted from Carman (1990). The last six 
categories were based on Eltgeest (1985) categories of productive questions. The examples 
of teacher questioning category were presented in Appendix I. 
The operational definitions are as follows: 
Closed question: These are utterances that inherently require a child to produce only a 
one-or two-word response, a motor response or a rote response. Often the expected response 
is counting, stating yes or no, naming or labeling an object, or selecting an answer from 
choices the teacher has provided. If a question is not an open question or a tag question, it is 
a closed question. 
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Attention-focusing question: Attention-focusing questions help a child focus their 
attention on significant details, by seeing, hearing, smelling, tasting, or touching. 
Action question: Action questions encourage a child to explore the properties of 
unfamiliar living or non-living items and of small events taking place or to make predictions 
about phenomena. 
Problem-posing question: Problem-posing questions help a child plan and implement 
solutions to problems. These questions include asking for clarification, verification or 
justification, or the extension of knowledge. 
Measuring and counting question: Measuring and counting questions help a child 
become more precise in their observations. This question naturally lead to the category of 
comparison questions; for instance, is it longer, heavier, more. 
Comparison question: The teacher asks a child to classify or sort a set of objects into 
a series of groupings. 
Reasoning question: The teacher asks a child to tell how and what she has observed, 
inferred, or classified for the child to clarify his/her thinking. Reasoning questions help the 
child thinlc about his/her experiences and construct ideas. 
Other question: The teacher asks the children who are not enrolled in the classroom, 
such as children's siblings. When the teacher asks a question to a teaching assistant, parent, 
or the children's sibling 
The coding was done at 15-second interval across the 10-minute videotaped segment 
Marks were placed in the coding form in the box next to each teacher-questioning behavior 
category. This coding of behaviors was done as the teacher questioning statement was 
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observed and was repeated when the teacher questioning statement was observed again (see 
Appendix J). 
Procedure 
Pilot study. A pilot study was conducted with two multiage preschool head teachers 
in the Child Development Laboratory School at Iowa State University. Minor changes were 
made to the materials of the pre-planned science activity. Plastic bottles of food coloring 
rather than glass bottles were used. This made it easier for preschoolers to squeeze it while 
making play dough. The pilot study videotapes were used later for interobserver agreement 
training prior to beginning the actual coding of the participants' videotapes. 
Data collection. Following approval from the Iowa State University Human Subjects 
Committee, child care directors in central Iowa were contacted by telephone to seek their 
approval for participation of their center in this study and to schedule an information meeting 
with the director and one or two teachers of 3- to 5-year-old preschoolers. The teachers 
nominated for participation in this study needed to have been employed at the center for at 
least one year. Following verbal consent from the directors, information about the study and 
the letter of consent were distributed to each director and head teacher. In addition, written 
consent was obtained from the classroom teacher assistants and the parents since it was likely 
that the assistant teachers and preschoolers inadvertently would be included on the videotape. 
Different colored stickers were placed on all children to distinguish those who had 
approval to be videotaped from those who did not have approval. The assistant teacher in the 
approval classroom often provided an activity in another room for the children whose parents 
had not provided consent The head teacher was videotaped for 60 minutes on two 
consecutive days during the morning self-selection time. Some centers also call self-selection 
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time as either "free play" or "center time." Self-selection time is the time when teachers have 
provided a variety of activities for the children to choose and have free exploration. 
Videotaping began when at least half of the children were present. A portable vidéocassette 
camera and a wireless microphone system were used. The teacher wore a wireless 
microphone or tape recorder and a microphone receiver was positioned on the vidéocassette 
camera. 
Day 1: Naturalistic setting 
As the videorecorder arrived in the classroom and the video camera equipment was 
set up and prepared for the videotaping, the head teacher and interested children got 
acquainted and asked questions. While videotaping, as soon as the video camera had been set 
up and focused on the head teacher, the videorecorder focused on the camera and then tried 
to avoid looking through the video camera to ease the comfort level of the head teacher. The 
camera was adjusted as the teacher changed locations. 
The head teacher was videotaped approximately 60 minutes during her regularly 
scheduled, morning self-selection time. Following the videotaping session, the Preschool 
Classroom Science Materials Checklist (see Appendix D) and the Preschool Classroom 
Science Activities Checklist (see Appendix E) were completed. 
Day 2: Experimental science activity 
For the Day 2 experimental science activity, the play dough science activity with the 
recipe, equipment, and materials, was provided to the head teacher. She was asked to review 
the recipe and carry out the science activity during the morning self-selection time. The 
recipe and directions for the green play dough were as following: 
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Recipe 
3 cups flour 
1 cup salt 
1 tbsp. vegetable oil 
2/3 cup water 
Red, yellow, and blue food coloring 
Directions 
1. Mix flour and salt together 
2. Mix food coloring with oil and water 
3. Add oil and water mixture gradually to flour mixture 
4. Knead as you would mead dough, until the mixture is smooth and easy to handle 
5. Add more flour as needed as the children play with it 
6. Play dough will keep several weeks in refrigerator if placed in airtight wrapping 
On Day 2, the head teacher implemented the science activity that was provided. 
Following the activity, the head teacher was interviewed to gather demographic information 
and their professional views of science for preschoolers' in-group settings. The interview was 
audiotaped; later, the interview was transcribed and coded. 
Analyses 
Establishing interobserver reliability. Interobserver reliability was established 
independently by the researcher and another graduate student specializing in Child 
Development. To establish interobserver reliability, the other student was trained in coding 
the data using videotapes from the pilot study. During the coder training phase, discrepancies 
in coding were discussed and solutions were agreed upon mutually. Interobserver agreement 
was defined as 
(Pt-Pd)/Pt 
where Pt is the total number of agreements and disagreements while Pd is the number of 
observed disagreements. During the training phase, the interobserver reliability was 86% for 
the Preschool Teacher Classroom measurement and 95% for the Preschool Teacher 
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Sciencing measurement. The interobserver reliability was 84.94% (verbal statement) and 
95.32% (question) for the first day Preschool Teacher Verbal Interaction measurement. The 
interobserver reliability for the second day of Preschool Teacher Verbal Interaction 
measurement was 81.25% (statement) and 92.50% (question). 
There were two days of videotaping in the preschool classrooms. On the first day 
coding began after 10 minutes of the video recording had lapsed to maximize the teacher's 
ease with the video recording process. On the second day coding began after 5 minutes of the 
video recording had lapsed. The Preschool Teacher Classroom/Sciencing Coding was done at 
30-second intervals across the next 10 minutes' videotaped segment. There were a total of 20 
intervals for each day of recording. The Preschool Teacher Verbal Interaction Coding was 
done at 15-second intervals across the next 10 minutes' videotaped segment to make the 
counting of teachers' verbal statement/questioning easier. There were 40 intervals for each 
day of recording. 
Interobserver reliability of videotapes. Interobserver reliability was 95.83% for the 
Preschool Teacher Classroom Coding and 100% for the Preschool Teacher Sciencing 
Coding. Interobserver reliability was 83.96% for Day 1 Preschool Teacher Verbal Interaction 
Coding (verbal statements) and 93.05% for Day 1 Preschool Teacher Verbal Interaction 
(question). Since the coding was done directly from viewing the videotapes, some verbal 
interactions (i.e., statement and questions) might have been missed in the coding. Also, one 
verbal interaction might stretch across two intervals and the researcher and the other coder 
might code it as falling into either one of the intervals. Therefore, the adjusted interobserver 
reliability was employed as potentially a more effective measure of agreement; by adjusting 
the initial reliability for instances in which researcher and the other coder counted the same 
55 
observation differently. For instance, within each interval, each category cell was allowed to 
have one point difference between the researcher and the coder. If the researcher had marked 
two incidences and the coder marked one incidence, that was counted as an agreement In 
this coding system, the interobserver reliability was increased to 99.06% for Day 1 Preschool 
Teacher Verbal Interaction (verbal statements) measurement and to 98.83% for Day 1 
Preschool Teacher Verbal Interaction (question) measurement. On the Day 2 Preschool 
Teacher Verbal Interaction (verbal statements) measurement, the interobserver reliability was 
84.69%, and 94.06% for Day 2 Preschool Teacher Verbal Interaction (question) 
measurement With the adjusted interobserver reliability measurement system, the level of 
interobserver reliability was increased to 97.81% for Day 2 Preschool Teacher Verbal 
Interaction (verbal statements) reliability and 99.69% for Day 2 Preschool Teacher Verbal 
Interaction (question) reliability. The interobserver reliability of videotapes is summarized in 
Table 4. 
The entire interviews were transcribed and the other coder checked two of the 
interview transcriptions. There were minor differences in the transcriptions, such as in the 
use of prepositions, definite articles, and interjections. 
Statistical analyses. Analyses of this study were conducted by SPSS for Windows 
version 10.0. Demographic information, including preschool teachers' education level and 
teaching licensure, was presented in the form of frequencies and percentage (see Table 2). 
Preschool teachers' year of teaching experience is summarized by frequencies, mean, and 
range (see Table 3). 
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Table 4 
Interobserver reliability 
Reliability Adjusted reliability 
Classroom area 95.83% NA 
Sciencing 100.00% NA 
Day 1: 
Verbal statement 83.96% 99.06% 
Question 93.05% 98.83% 
Day 2: 
Verbal statement 84.69% 97.81% 
Question 94.06% 99.69% 
Results 
This chapter is organized by presenting the four research questions for this study and 
reporting the specific analyses and findings associated with each of them. The .05 level of 
significance is used throughout the analyses. Additional analyses for the availability of 
science activities and materials in the preschool classroom and in teacher-child verbal 
interactions by classroom areas are presented. Findings from the teacher interviews are 
included also. 
Research question 1: What types of verbal interactions do preschool teachers have "with the 
preschoolers in their classroom during morning self-selection time? 
Teacher verbal interactions were coded using the Preschool Teachers Verbal 
Interaction Coding Form (see Appendix J). The frequencies of each teacher's verbal 
statement category and questioning statement category were analyzed to determine the types 
of verbal interactions teachers have with their preschoolers during morning self-selection 
time. 
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The most frequent preschool teachers' verbal interaction for Day 1 and Day 2 
combined was learning guidance (M = 2.07), followed by closed question (M = 1.00), and 
then information talk (M = .92) (see Table 5). Verbal statements occurred more often than 
questioning. 
Research question 2: What types of verbal interactions do teachers have with the 
preschoolers during morning self-selection time pre-planned, formal science activity? 
The results showed that with a pre-planned, formal science activity, the most frequent 
statements used by preschool teachers were give learning guidance (M = 2.66), followed by 
information talk (M = 1.00). The two most frequent questioning statements were closed 
questions (M = .88) and problem-posing questions (M = .34). Teachers seldom used follow-
up statements, action questions, comparison questions, and reasoning questions (see Table 5). 
Research question 3: Are there differences in teachers ' verbal interactions with preschoolers 
in informal self-selection time (Day I) and a pre-planned, formal science activity (Day 2)? 
The teachers' verbal interactions during an informal self-selection time (Day 1) and a 
pre-planned, formal science activity (Day 2) were examined by One-Way Analysis of 
Variance (ANOVA). Significant differences (p < .05) were found for preschool teacher 
questioning statements, i.e., closed question, F (1,798) = 9.019, p = .003; attention-focusing 
question, F (1,798) = 11.416, p = .001 (see Table 6). On Day 2, teachers used more 
attention-focusing questions and on Day 1 teachers used more closed questions (see Figurel). 
Also, there were significant differences (p < .05) for preschool teacher verbal statements, i.e., 
learning guidance statement, F (1,798) = 101.971, p < .001; information talk statement, F (1, 
798) = 4.816, p = .028; praise statement, F (1,798) = 10274, p = .001; and acknowledge 
statement, F (1,798) = 10.000, p = .002 (see Table 6). On Day 2, teachers used more learning 
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guidance and information talk statements. On Dayl, teachers used more praise statements 
and acknowledge statements (see Figure 1). 
Tables 
Frequency of teacher verbal interactions (Day 1 and Day 2, Day I, Day 2 combined) 
Dayl & Day 2 Day 1 Day 2 
M M M 
Verbal statement 
Learning guidance 2.07 1.48 2.66 
Information talk 0.92 0.84 1.00 
Praise 0.28 0.35 0.21 
Acknowledge 0.58 0.66 0.50 
Follow-up 0.06 0.07 0.05 
Other statement 0.39 0.04 0.33 
Questioning 
Closed 1.00 1.11 0.88 
Attention-focusing 0.10 0.05 0.15 
Action 0.02 0.02 0.02 
Problem-posing 0.36 0.37 0.34 
Measuring and counting 0.07 0.05 0.08 
Comparison 0.03 0.03 0.03 
Reasoning 0.03 0.04 0.02 
Other question 0.01 0.01 0.02 
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Table 6 
Preschool teachers ' verbal interaction between Day 1 and Day 2 
Effect Size Observed 
Power 
F P 
Verbal statement 
Learning guidance .113 1.000 101.971 < .001** 
Information talk .006 .592 4.816 .028* 
Praise .013 .893 10.274 .001** 
Acknowledge .012 .885 10.000 .002** 
Follow-up .001 .115 .550 .459 
Other statement .004 .452 3.389 .066 
Questioning 
Closed .011 .851 9.019 .003** 
Attention-focusing .014 .921 11.416 .001** 
Action .000 .055 .044 .834 
Problem-posing .000 .094 .377 .539 
Measuring and counting .002 266 1.786 .182 
Comparison .000 .050 .000 1.000 
Reasoning .005 .490 3.750 .053 
Other question .001 .149 .828 .363 
Note. *p< .05; *» p< .01. 
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Verbalization statement 
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Figure 1. Differences in preschool teacher verbalization statement on Day 1 and Day 2 
Note: Verbalization statement: 1 = Learning guidance, 2 = Information talk, 3 = Praise, 
4 = Acknowledge, 5 = Follow-up, 6 = Other statement, 7 = Closed, 8 = Attention-focusing, 
9 = Action, 10 = Problem-posing, 11= Measuring and counting, 12 = Comparison, 
13 = Reasoning, 14 = Other question 
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Research question 4: In which areas of the classroom do preschool teachers use more 
science-related questions? 
The science-related questions for this study were attention-focusing, action, problem-
posing, measuring and counting, comparison, and reasoning questions. The frequencies of 
these questions were combined by area of classroom for both days. The frequencies showed 
that the categories of computer and science were very low. To achieve better conceptual 
clarity for analyzing the areas, similar classroom areas (i.e., block with manipulative; 
computer with language and reading; science with sensory) were combined (see Table 7). 
Results of One-Way ANOVA indicated there was significant differences (p < .05) for 
preschool teachers' using science-related questions among classroom areas, i.e., measuring 
and counting questions, F (5,394) = 2.997, p = .011; and reasoning questions, F (5,394) = 
5.924, p < .001 (see Table 8). Preschool teachers used more measuring and counting 
questions when they were in the block and manipulative areas. They also asked more 
reasoning questions in the dramatic area (see Figure 2). The means for the classroom areas in 
science-related questions are summarized in Table 9. 
Availability of science materials 
The Preschool Science Materials Checklist (see Appendix D) was used to assess the 
availability of science materials in the preschool classroom. On Day 1 80% of the classrooms 
provided vinyl animals (e.g., plastic insects, farm animals), 70% plants, 65% sensory table 
(i.e., water table or sand box), 55% science-related charts/posters, and 50% magnets (see 
Figure 3). Other items available in less than half of the classrooms were magnifying glasses 
(35%), aquarium (30%), metric weight set, mirror (25%), outdoor garden (20%), microscope 
(15%), living animals (10%), and scales (10%) (see Figure 3). Figure 4 indicated the 
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Table 7 
Frequency ofpreschool teachers ' science-related questions by classroom areas 
Classroom areas Frequency Valid percent 
Original classroom areas 
Art 99 24.8 
Block 29 7.3 
Computer 4 1.0 
Manipulative 43 10.8 
Science 1 0.3 
Dramatic 32 8.0 
Language and Reading 41 10.3 
Sensory 77 19.3 
Other 74 18.5 
Revised classroom areas* 
Art 99 24.8 
Block + Manipulative 72 18.0 
Computer + Language and Reading 45 11.3 
Science + Sensory 78 19.5 
Dramatic 32 8.0 
Other 74 18.5 
Note. " Computer and science had very low frequencies, so revised classroom areas were used to achieve better 
conceptual clarity for analyzing the classroom areas. 
Table 8 
Relationships between the revised classroom area and science-related questions 
Science-related questions F P 
Attention-focusing question 1.463 201 
Action question 1.500 .189 
Problem-posing question 1.234 293 
Measuring and counting question 2.997 
.011* 
Comparison question 1.398 224 
Reasoning question 5.924 < .001** 
Note.*p<.05; **p<.01. 
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Table 9 
Classroom areas and science-related questions (significant results in bole f) 
Science-related questions Revised classroom areas M SD 
Attention-focusing question Art .01 .10 
Block + Manipulative .07 26 
Computer + Language and 
Reading 
.02 .15 
Science + Sensory .05 21 
Dramatic .06 .25 
Other .11 39 
Action question Art .01 .10 
Block + Manipulative .07 .35 
Computer + Language and 
Reading 
.00 .00 
Science + Sensory .00 .00 
Dramatic .00 .00 
Other .04 26 
Problem-posing question Art .39 .75 
Block + Manipulative .36 .72 
Computer + Language and 
Reading 
.20 .55 
Science + Sensory .32 .67 
Dramatic .56 .80 
Other .42 .60 
Measuring and counting 
question 
Art .00 .00 
Block + Manipulative .17 .61 
Computer+Language and 
Reading 
.04 .30 
Science + Sensory .00 .00 
Dramatic .00 .00 
Other .08 .40 
64 
Table 9 (continued). 
Science-related questions Revised classroom areas M SD 
Comparison question Art .00 .00 
Block + Manipulative .06 23 
Computer + Language and 
Reading 
.09 .60 
Science + Sensory .03 .16 
Dramatic .00 .00 
Other .00 .00 
Reasoning question Art .00 .00 
Block + Manipulative .00 .00 
Computer + Language and 
Reading 
.02 .15 
Science + Sensory .03 .16 
Dramatic .25 .67 
Other .08 .32 
Note. ' There were significant differences (p < .05) in measuring and counting questions, and reasoning 
questions. 
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Science-related question 
-Art 
Computer & Language and reading 
-Dramatic 
Block & Manipulative 
-x— Science & Sensory 
-•—Other 
Figure 2. Differences in classroom areas on science-related questions 
Note. Science-related question: 1 = Attention-focusing, 2 = Action, 
3 = Problem-posing, 4 = Measuring and counting, 5 - Comparison, 
6 = Reasoning 
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availability of science equipment and 35% of the classrooms had prisms, 25% had timer and 
flower pots, 20% had binoculars, and 10% had yam. The availability of natural science 
materials is presented in Figure 5. It showed that 70% of the classrooms had plants, 35% had 
seashells, 15% had pine cones, 10% had bird nests, dried flowers, and fossils, and 5% had 
feathers, gourds, insects, and nuts and seeds. The frequency distributions for science 
materials, science equipment, and natural science materials are summarized in Appendix A. 
Availability of science activities 
The Preschool Science Activities Checklist (see Appendix E) was used on Day 1 of 
this study to identify the availability of science activities in the preschool classrooms. Only 
half of the preschool classrooms (n =10) had a science area and most of these areas were 
located by a classroom window. Science items available featured on the day of the 
observation included magnifying glasses, scales, volcano bottles, prisms, binoculars, tornado 
bottles, fish tanks, feathers, pine cones, seashells, anthills, fossils, wood, plants, gourds, 
rocks, spiders, and toads. There were no cooking activities for the children on Day 1. Six 
classrooms (30%) provided indoor sand box activities that used, such mediums as flour, sand, 
bird seeds, and items as measuring cups, digging items, buckets, and funnels. Five (25%) 
classrooms had indoor water table activities and they included additional accessories as vinyl 
sea animals, fish, shrimp, crab, authentic seashells, coins, scoops, and Legos. There were no 
sorting objects available in the classrooms. Two additional science activities were available 
that were not on the checklist, i.e., making play dough and making hand prints in plaster-of-
Paris. 
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80 • 
70 -
Science materials 
Figure 3. Frequency distributions for science materials in preschool classrooms 
Note. Science materials: 1 = Vinyl animals, 2 = Plants, 3 = Sensory table, 
4 - Posters/Charts, 5 = Magnets, 6 = Magnifying glasses, 7 = Aquarium, 
8 = Metric balance, 9 = Mirrors, 10 = Outdoor garden, 11= Microscope, 
12 = Living animals, 13 = Scales, 14 = Flashlights, 15 = Planting materials, 
16 = Thermometers 
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Figure 4. Frequency distributions for science equipment in preschool classrooms 
Note. Science equipment: 1 = Prisms, 2 = Timer, 3 = Flower pots, 
4 = Binoculars, 5 = Yam, 6 = Cardboard tubes, 7 = Coffee cans, 
8 = Food coloring, 9 = Juice cans, 10 = Potting soil, 11 = Rulers, 12 = Sponges, 
13 = Spools, 14 = Measuring cups and spoons 
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Natural science materials 
Figure 5. Frequency distributions for natural science materials in preschool classrooms 
Note. Natural science materials: 1 = Plants, 2 = Seashells, 3 = Pine cones, 4 = Bird's nests, 
5 = Dried flowers, 6 = Fossils, 7 = Feathers, 8 = Gourds, 9 = Insects, 10 = Nuts and seeds 
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The study examined in which classroom area each preschool teacher were located 
most often. The findings indicated that teachers tended to interact most often in the art area 
(24.8%), followed by the sensory area (19.3%), and least often in the science area (.3%) (see 
Table 10). The study also investigated whether the activities available to the children, during 
morning self-selection time and the teacher was present were related to science activity. The 
Preschool Teacher Classroom/Sciencing Coding Form (see Appendix H) was used for data 
collection and the analyses showed that the activities in which the preschool teachers 
engaged were mostly not related to science activity (86.8%). Only 4.5% of the activities were 
related to formal sciencing, that is, the science activity for which teachers plan the lesson, 
prepare the materials, present the activity, and let children involve the activity as much as 
possible to make the discoveries. The formal sciencing activities available on Day 1 were 
making play dough. A total of 8.8% of the activities were related to informal sciencing, that 
is, teachers set up a science activity on a table and children were free to use the materials and 
manipulate them. The informal sciencing activities were available on Day 1 were a sand box 
with shovels and buckets and a water table with a variety objects (e.g., coins, Legos, 
measuring cups). A science activity, making a hand print with cement, was not counted as 
any sciencing activity because children came to the teacher and made hand print without 
involving any free exploration, h this study, no activities involved incidental sciencing, that 
is, unpredictable, open-ended, and not planned by the teacher. 
Teacher Interview 
The preschool teachers were interviewed individually following the Day 2 
videotaping. When asked to give a definition of science for young children, many preschool 
teachers responded that science is hands-on experimentation that involves exploration and 
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Table 10 
Frequency of preschool teachers interact with children by classroom areas 
Classroom area Valid percent 
Manipulative 
Language and Reading 
Dramatic 
Block 
Art 
Sensory 
Other 
Computer 
Science 
24.8 
19.3 
18.5 
10.8 
10.3 
8.0 
7.3 
1.0 
0.3 
uses their five senses of looking, touching, smelling, feeling, and hearing. Science needs to 
be something in which children can be involved and can see what is going on and what is 
going to happen. Some teachers added that science involved predicting what might happen, 
and talking about why and how it happened. Examples of the definitions offered by the 
preschool teachers are as follows. 
"Science for young children definitely has to be hands-on activity." 
"Science for young children probably is exploring and using their five senses." 
"Science involves a lot of explorations.. .they can see the actual what happening of 
the whole process." 
"Science is experimenting and asking questions. The goal is to predict outcomes and 
to see what happens if." 
"It should be hands-on experience. It should have stimulated conversation and 
question that deal with curiosity." 
"Science is a lot of exploring, experimenting, thinking, and discussion." 
"Science is discovery the magic of everything because science is in everywhere." 
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For the Day 2 preplanned science activities, many teachers reported they were 
anxious about the science activity the researcher would provide. Most of them were surprised 
when they learned that play dough was the science activity. For instance, one teacher stated, 
"I was surprised that it was a simple activity." Many teachers mentioned that they had 
previously prepared play dough, usually without children. One teacher reported "Since I was 
familiar with making play dough, it made it easier for me to take that and trying to do more 
experiment experience." Similarly, another teacher stated "So, I knew how to make play 
dough, so I could really focus on what the children's questions were rather than looking back 
to the recipe and make sure I was doing it right." When the teachers were asked what 
possible science activity they would be provided, most of the teachers indicated that they had 
no idea and others thought the activity would be something difficult to do, such as something 
involving colors, water, measuring, sink/float objects, or making a volcano. 
The preschool teachers evaluated the play dough activity as an age-appropriate and 
hands-on activity because the children were involved in mixing, touching, sharing, and turn-
taking, feeling proud about the completed play dough, and practicing problem-solving skills 
(i.e., which color mix would make green). When asked what they might do differently the 
next time they used a play dough activity, the preschool teachers reported that they would 
have a only small group of children involved, they might choose a different color, add flavor, 
or use pictures instead of words for the recipe. Some teachers reported that they possibly did 
more science activities with the children than they had realized. 
The teachers were asked to rank their preferences for subject areas using a list of 
seven categories: language and literacy; mathematics; science; health, safety, and nutrition; 
social studies; aesthetic expression (art, music, drama, and movement); and gross motor and 
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outdoors. Many teachers indicated that science is their least preferred teaching area. For 
instance, one teacher stated, "If I felt more knowledgeable, then I probably will do that more, 
but I thinlr it's my weakness." The most preferred teaching for the teachers was language and 
literacy (M = 2.05) and the least preferred activity was social studies (M = 5.3) (see Table 
11). 
Additional findings 
Preschool teacher verbal interaction and teacher education 
The results revealed a significant difference (p < .05) in preschool teachers verbal 
interactions and their levels of education. Significant differences were found for teachers' 
verbal statements, i.e., information talk statement, F (2,797) = 5.731, p = .003, praise 
statement, F (2,797) = 4.817, p = .008, other statement, F (2,797) = 3.159, p = .043 (see 
Table 12). Teachers with a B.A/B.S. degree used more information talk statements. Teachers 
Table 11 
Rankings of preschool teachers 'preferences for subject areas 
Activities Teaching preference1 Sum of M 
1 2 3 4 5 6 7 cross 
product 
Language and literacy 9 5 5 0 0 0 1 41 2.05 
Science 1 4 4 4 4 2 1 76 3.80 
Health, safety, and 2 3 1 5 3 3 2 78 3.90 
nutrition 
Aesthetic expression 4 2 4 1 2 5 2 78 3.90 
Mathematics 1 3 4 4 4 0 4 83 4.15 
Gross motor and 2 2 1 5 1 5 4 92 4.60 
outdoors 
Social studies 1 1 1 1 6 4 6 106 530 
Note.'I — Most preferred. 7 = Least preferred. Values in these columns are the number of 
teachers ranking an activity at that level 
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with junior college or equivalent background used more praise and other verbal statements 
(see Figure 6). There was no difference in the level of teacher education on teacher 
questioning statements (see Figure 6). The mean of the level of teacher education in verbal 
interaction is summarized in Table 13. 
Table 12 
Preschool teacher verbal interaction by level of teacher education 
Effect Size Observed 
Power 
F P 
Verbal statement 
Learning guidance .002 .181 .769 .464 
Information talk .014 .866 5.731 .003* 
Praise .012 .798 4.817 .008* 
Acknowledge .003 260 1.185 .306 
Follow-up .004 .340 1.604 202 
Other statement .008 .606 3.159 .043* 
Questioning 
Closed .003 265 1209 .299 
Attention-focusing .000 .059 .062 .940 
Action .001 .109 .367 .693 
Problem-posing .005 .395 1.895 .151 
Measuring and counting .002 224 .993 .371 
Comparison .000 .067 .111 .895 
Reasoning .005 .435 2.116 .121 
Other question .002 .167 .690 .502 
Note. *p<.05;**p< .01. 
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Figure 6. Frequency of preschool teachers' verbalization statement by education level 
Note: Verbalization statement: 1 = Learning guidance, 2 = Information talk, 
3 = Praise, 4 = Acknowledge, 5 = Follow-up, 6 = Other statement, 7 = Closed, 
8 = Attention-focusing, 9 = Action, 10 - Problem-posing, 11 = Measuring and 
counting, 12 = Comparison, 13 = Reasoning, 14 = Other question 
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Table 13 
Preschool teacher education in the verbal interaction (significant results in boldt) 
Verbal Interaction Statement Education M SD 
Verbal statement 
Learning guidance High school diploma 2.18 1.70 
Junior college or equivalent 2.14 1.76 
B.A./B.S. degree 2.01 1.78 
Information talk High school diploma .82 1.02 
Junior college or equivalent .70 .87 
B.AJB.S. degree 1.02 1.09 
Praise High school diploma .21 .56 
Junior college or equivalent .42 .74 
BAVB.S. degree .27 .61 
Acknowledge High school diploma .60 .76 
Junior college or equivalent .67 .79 
BA/B.S. degree .55 .70 
Follow-up High school diploma .05 21 
Junior college or equivalent .10 .33 
BA/B.S. degree .05 .30 
Other statement High school diploma .26 .61 
Junior college or equivalent .47 .86 
BA/B.S. degree .41 .86 
Questioning 
Closed High school diploma 1.00 .90 
Junior college or equivalent .86 .96 
BA/B.S. degree 1.03 1.15 
Attention-focusing High school diploma .11 .43 
Junior college or equivalent .01 35 
BA/B.S. degree .10 .41 
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Table 13 (continued). 
Verbal Interaction Statement Education M SD 
Action High school diploma .03 .20 
Junior college or equivalent .02 .13 
BA7B.S. degree .02 .16 
Problem-posing High school diploma 29 .57 
Junior college or equivalent .30 .54 
BA/B.S. degree .39 .77 
Measuring and counting High school diploma .09 .40 
Junior college or equivalent .09 .38 
BAVB.S. degree .05 26 
Comparison High school diploma .03 .16 
Junior college or equivalent .03 .37 
BA/B.S. degree .02 .19 
Reasoning High school diploma .02 .17 
Junior college or equivalent .00 .00 
BAVB.S. degree .04 .23 
Other question High school diploma .01 .10 
Junior college or equivalent .03 .16 
BA7B.S. degree .01 .11 
Note. " There were significant differences (p < .05) in information talk, praise, and other statement. 
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Preschool teacher verbal interaction and teacher licensure 
The results showed a significant difference (p < .05) in preschool teacher verbal 
interactions and their type of teacher licensure (see Table 14). Significant differences were 
found on teachers' verbal statements, i.e., learning guidance statement, F (5,794) = 4.655, p 
< .001, information talk statement, F (5,794) = 7.398, p < .001, praise statement, F (5,794) = 
8.482, p < .001, and other statement, F (5,794) = 4.926, p < .001 (see Table 14). Teachers 
with licensure in Elementary Education, Prekindergarten/Kindergarten, and Early Childhood 
used more learning guidance statements and praise statements. Teachers who had Elementary 
Education and Early Childhood teaching licensure had more information talk statements, and 
acknowledge statements (see Figure 7). Significant differences also were found on teachers' 
questioning statements, i.e., closed question F (5,794) = 2.534, p = .019, and problem-posing 
question, F (5,794) = 4.330, p < .001 (see Table 14). Teachers with licensure in Elementary 
Education, Prekindergarten/Kindergarten, and Early Childhood used more problem-posing 
question statements. Teachers who had Elementary Education and Early Childhood teaching 
licensure had more closed question statements (see Figure 7). The mean of the type of 
teaching licensure in the verbal interaction is summarized in Table 15. 
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Table 14 
Preschool teacher verbal interaction by type of teacher licensure 
Effect Size Observed 
Power 
F P 
Verbal statement 
Learning guidance .019 .881 4.655 < .001** 
Information talk .042 .999 7.398 < .001** 
Praise .023 .933 8.482 < .001** 
Acknowledge .019 .877 5.752 < .001** 
Follow-up .004 .213 .574 .751 
Other statement .036 .995 4.926 .001** 
Questioning 
Closed .017 .835 2.534 .019* 
Attention-focusing .012 .660 1.963 .069 
Action .012 .667 1.749 .107 
Problem-posing .032 .988 4.330 <.001** 
Measuring and counting .005 .304 .745 .613 
Comparison .007 .380 1.046 .394 
Reasoning .006 .339 .948 .459 
Other question .002 .115 .341 .915 
Note. *p< .05; ** p< .01. 
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Figure 7. Frequency of preschool teachers' verbalization statement by type of teacher 
licensure 
Note: Verbalization statement: 1 = Learning guidance, 2 - Information talk, 3 = Praise, 
4 = Acknowledge, 5 = Follow-up, 6 = Other statement, 7 = Closed, 8 = Attention-focusing, 
9 = Action, 10 = Problem-posing, 11= Measuring and counting, 12 = Comparison, 
13 = Reasoning, 14 = Other question 
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Table 15 
Teacher licensure in verbal interaction (significant results in bolt?) 
Verbal Interaction Statement Teaching Licensure M SD 
Verbal statement 
Learning guidance None 2.13 1.71 
Elementary Ed 1.94 1.72 
2 & 3  1.88 1.78 
2 & 4  2.10 1.87 
3 & 5  1.45 1.77 
23* & 4 2.88 1.62 
Information talk None .81 .96 
Elementary Ed 1.15 1.17 
2 & 3  .83 1.06 
2 & 4  126 1.15 
3 & 5  .43 .75 
2,3, & 4 .10 1.08 
Praise None 27 .61 
Elementary Ed .44 .82 
2 & 3  .16 .40 
2 & 4  23 .46 
3 & 5  .10 .38 
2,3, & 4 .45 .88 
Acknowledge None .64 .76 
Elementary Ed .47 .66 
2 & 3  .54 .59 
2 & 4  .67 .80 
3 & 5  .25 .54 
2,3, & 4 .55 .68 
Follow-up None .07 26 
Elementary Ed .07 .48 
2 & 3  .05 22 
2 & 4  .05 22 
3 &5 .00 .00 
2,3, & 4 .03 .16 
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Table 15 (continued). 
Verbal Interaction Statement Teaching Licensure M SD 
Other statement None 36 .77 
Elementary Ed .43 .81 
2 & 3  .34 .78 
2 &4 35 .83 
3 &5 1.00 1.18 
23, & 4 .13 .40 
Questioning None 1.07 1.06 
Closed Elementary Ed .99 1.08 
2 & 3  .76 1.00 
2 & 4  1.09 1.14 
3 &5 .65 .89 
23, & 4 .72 .93 
Attention-focusing None .11 .41 
Elementary Ed .03 .16 
2 6 3  .11 .36 
2 & 4  .12 39 
3 & 5  .03 .16 
23, & 4 23 .92 
Action None .02 .16 
Elementary Ed .01 .09 
2 & 3  .01 .11 
2 & 4  .02 .13 
3 &5 .03 .16 
23, & 4 .10 .44 
Problem-posing None .31 .61 
Elementary Ed 26 .60 
2 & 3  .45 .74 
2 & 4  .49 .86 
3 &5 .10 30 
23,&4 .70 1.07 
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Table 15 (continued). 
Verbal Interaction Statement Teaching Licensure M SD 
Measuring and counting None .08 .36 
Elementary Ed .03 .18 
2 & 3  .06 29 
2 & 4  .09 37 
3 & 5  .05 22 
23, & 4 .00 .00 
Comparison None .03 .25 
Elementary Ed .05 31 
2 & 3  .00 .00 
2 &4 .00 .00 
3 & 5  .03 .16 
2,3, & 4 .00 .00 
Reasoning None .03 .22 
Elementary Ed .02 .13 
2 & 3  .03 .16 
2 & 4  .06 21 
3 & 5  .00 .00 
2,3, & 4 .00 .00 
Other question None .02 .12 
Elementary Ed .02 .13 
2 & 3  .01 .11 
2 & 4  .008 .09 
3 & 5  .00 .00 
23, & 4 .03 .16 
Notes: I = None, 2 = Elementary Ed, 3 - Prekmdergarten/K, 4 = Early Childhood, S - Inclusive, 
6 = 2&.3, 7 = 2&4,8 = 3&5,9 = Other. 
' There were significant differences (p< .OS) in learning guidance, information talk, praise, acknowledge, 
other statement, dosed question, and problem-posing questions. 
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Discussion 
Scientific skills, such as observing, comparing, communicating, organizing, and 
recording not only help children learn the content area of science, but also support lifelong 
learning and inquiry (Barrett et al., 1999). The important role of teachers led to this study that 
examined 20 preschool teachers' verbalizations during self-selection time, hi addition, the 
importance of understanding science teaching in preschool classrooms led to this study that 
explored the availability and accessibility of science activity and materials in the preschool 
classrooms. This study also helped us learn more about the teachers' roles in young 
children's science learning. 
Quality ofpreschool teachers' verbal interactions 
The study examined the types of verbal interactions that preschool teachers have with 
preschoolers in their classroom during morning self-selection time. The findings indicated 
that the most frequent teacher-child verbal interaction was learning guidance when Day 1 and 
Day 2 observations were combined. This finding was consistent with Kontos and Dunn 
(1993) also found that the interaction between caregivers and children tended to be giving 
guidance. When the types of preschool teachers verbal interactions with preschoolers during 
morning self-selection time pre-planned, formal science activity were examined for Day 2, 
the most frequent verbal interaction was learning guidance. These findings indicated that 
preschool teachers tended to use more verbal statements than questioning statements and a 
very low percentage of science-related questions (i.e., attention-focusing, problem-posing, 
measuring and counting, comparing, and reasoning questions). The study suggests that to 
develop children's scientific skills, preschool teachers need to use more questioning 
statements, especially science-related questions. 
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The differences in teachers' verbal interactions with preschoolers in informal self-
selection time (Day 1) and a pre-planned, formal science activity involved (Day 2) showed 
that preschool teachers used more learning guidance, information ta 11c, and acknowledge 
statements and more attention-focusing questions on Day 2. On Day 1, teachers used more 
praise statements and closed questions as compared with Day 2. It was expected that on Day 
2 teachers would use more science-related questions since they were doing a science activity. 
The study showed that teachers engaged in more verbal interactions with the children, but 
they did not include many science-related questions. The study suggests that by offering 
more science activities, preschool teachers would increase the use of verbal interactions, and 
hopefully, of more science-related questions, with children. 
The study examined the classroom areas where preschool teachers are located most 
often and to determine where the preschool teachers use more science-related questions (i.e., 
attention-focusing questions, action questions, problem-posing questions, measuring and 
counting questions, comparison questions, and reasoning questions). The finding showed that 
teachers tended to interact most often in the art area; preschool teachers used more measuring 
and counting questions when they were in the block and manipulative areas. The block and 
manipulative areas are relatively similar classroom areas. Blocks are important activities that 
allow children to manipulate objects in a goal-oriented way (Kontos & Wilcox-Herzog, 
1997). "Math concepts are evident as blocks are measured, counted, put together in patterns, 
added, subtracted, compared, and discussed" (Adams & Nesmith, 1996, p. 87). For instance, 
in the block area, teachers might ask, "how many blocks will it take to build a tower?" to 
encourage children to use their estimation skills. Similar to manipulative activities, stringing 
beads, for instance, not only could enhance a child's eye-hand coordination skills, but also 
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provide learning opportunities of measuring, counting, and pattern skills. Therefore, 
preschool teachers tended to engage in more measuring and counting questions while 
interacting with children in the block and manipulative areas. The study also found that 
preschool teachers asked more reasoning questions in the dramatic area. Dramatic play is a 
creative activity that allows children "to hone their developing representational abilities 
through pretend actions and role enactments" (Kontos & Wilcox-Herzog, 1997, p. 251). 
Dramatic play settings are often related to daily living, i.e., kitchen area, restaurant, grocery 
store, medical office, child care, camping, or the farm. Since these settings are familiar to 
teachers, teachers may feel this area is more conducive to dialogue and promoting verbal 
exchanges to extend children's social interactions and thinking. Dramatic play also provides 
numerous opportunities for children to accommodate their play partners, practice perspective 
taking, and defend themselves in a socially acceptable ways (Kontos & Wilcox-Herzog, 
1997). Kontos and Wilcox-Herzog (1997) showed that during free play children's cognitive 
competence was most strongly related to participation in high-yield activities, such as art, 
blocks, and dramatic play. However, the children did not sustain dramatic play when the 
teacher was uninvolved, so it was concluded that teacher involvement enhances children's 
pretend play (Enz & Christie, 1993). These findings suggest that teacher involvement and 
teacher familiarity of the activity is important factors on teacher-child verbal interactions. 
Since different activities elicit different types of teacher-child verbal interactions, the present 
study hypothesized that science-related questions would elicit children's science process 
skills (e.g., observing, predicting, classifying, collecting, and recording data). When 
preschool teachers arrange and create their classroom environments, they need to take into 
account the children's verbal interactions that will be enhanced in each classroom area. 
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Quality of classroom science interest areas 
The results indicated that only half of the preschool classrooms had a science interest 
area available for the children. Most of these areas were located by the window in the 
classroom as suggested by Harper and Spiegle (1991). They point out that the science area 
should be located in a sunny area of the classroom, with a low table displaying materials the 
children can explore freely. On the day of the observation, these areas displayed such science 
items as magnifying glasses, scales, volcano bottles, prisms, binoculars, tornado bottles, fish 
tanks, feathers, pine cones, seashells, anthills, fossils, wood, plants, gourds, rocks, spiders, 
and toads. Most of these science materials were nature items. "Bring nature indoors" and 
give children opportunities to take responsibility and develop nurturing attitudes 
(Humphryes, 2000, p. 20). The present study provides evidence that teachers need to create a 
science area in their preschool classrooms. Other appropriate science items to consider 
including in the classroom are magnets, magnifying glasses, an aquarium, metric balance, 
and flashlights (see Appendix A). Rivera (1998) provided many considerations about 
creating a science area in a preschool classroom. For instance, teachers need to equip a 
science area with hands-on activities and objects that children can explore during the self-
selection time. She also suggests "the materials should be kept fresh and the equipment up to 
date" (p. 9). 
Teachers ' views ofscience activities for young children 
The study found that no cooking activities were provided during Day 1 or Day 2. 
Perhaps the preschool teachers avoided offering this activity to make their classroom 
activities as simple as possible during the special videotaping activity. However, it appears 
that teachers did not consider cooking activities as science activities. Cooking activities help 
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increase children's abilities in math, science, social studies, reading, language, motor 
development, art, and music (Dahl, 1998; Spears, 2000). Cooking involves using sensory 
skills, making chemical and physical changes, and predicting the outcomes of cooking 
experiment 
From the teacher interview, the most preferred teaching activity for these teachers 
was language and literacy and the least preferred activity was social studies. Tu (1997) 
studied preschool teachers' beliefs and practices concerning science teaching and found that 
the two easiest curriculum areas reported were language and literacy and aesthetic expression 
and the two most difficult curriculum areas were science and social studies. She concluded 
that the preferred curriculum area would be available more often their classroom, for 
instance, the language and literacy activity. On the other hand, teachers thought social studies 
was the difficult activity, then, they would not provide this content very often in their 
teaching. The current study showed that science activity was the second preferred activity 
and the teachers also readily provided definitions of science as hands-on experiences and 
involving the five senses for free exploration. It seemed that how the teachers view science is 
important to the available activities in the preschool classrooms. However, based on the 
Classroom Observation Checklists, only half of the classrooms had a science area, only 4.5% 
of the activities were related to formal sciencing, and 8.8% of the activities were informal 
sciencing. These findings were consistent with the study by Tu (1997) that showed a gap 
between teachers' beliefs and practices concerning science teaching. The present study 
suggests that preschool teachers need additional support on the creation and integration of 
science activities in their classrooms. 
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Teachers expressed surprise at the selection of the Day 2, play dough activity that was 
provided. During the post Day 2 activity interview, several preschool teachers mentioned that 
they had not previously considered play dough as a science activity when they offered this 
activity with the children. Teachers seemed relaxed and comfortable when they realized that 
the science activity for Day 2 was making green play dough with the children. Even though 
many teachers mentioned that science is their least preferred teaching area, some of them 
realized that they incorporated more science activities than they had previously thought. In 
addition, since making play dough is a simple, familiar science activity, they were able to do 
more experimentation with the children. For instance, one teacher stated, "Since I was 
familiar with making play dough, it made easier for me to take that and trying to do more 
experiment experience." Another teacher stated, "I knew how to make play dough, so I could 
really focus on what the children's questions were rather than looking back to the recipe and 
make sure I was doing right." In order to make green play dough, teachers guided children to 
mix colors together. The study planned to deliver the message that life is a learning process, 
and we may not know all the answers. It is perfectly fine for teachers to state that I don't 
know and let's find out together. The study suggests that to improve science teaching in the 
preschool classroom, teachers need to be more aware of what they are doing already and use 
available materials in the center. Science activities can be very simple, like making play 
dough and, in fact, science is everywhere. Also, reflective teaching helps teachers reevaluate 
their classroom teaching. 
Quality of the science environment in the preschool classrooms 
A total of 70% of the classrooms had a plant in the classroom but only 20% of the 
classrooms had an outdoor garden. Most of the plants were located on a counter top. Children 
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were not involving with any of the house plants, such as watering plants or the teacher 
talking with the children about the plants, during the two days of videotaping. According to 
Clemens (1996), "involving children in the process of planning the garden, selecting seeds 
and plants, planting and tending the garden, and harvesting the crop helps them see the 
natural process of growing things" (p. 22). While children help with the gardening, they can 
predict what will happen, experiment with their hypothesis, keep a record of their gardening, 
and draw conclusions about the observation, cycles, and changes they find. If a center does 
not have adequate space for an outdoor garden, a container garden can be a choice (Clemens, 
1996). 
In this study, 65% (n = 13) of the classrooms had a sensory table, and 55% (N =11) of 
the classrooms provided either water or sand box activities. This finding showed that sensory 
tables are available and accessible for children in the classroom. The study suggests that the 
sensory area is a great opportunity for preschool teachers to encourage children for exploring 
and discovering. However, there were a low percentage of teachers using science-related 
questions in the sensory area (see Table 9). Preschool teachers need to engage in more verbal 
interactions, especially science-related questions with their preschoolers. The findings 
showed that teachers were missing rich learning opportunities for preschoolers in the sensory 
area. 
Conclusions 
In summary, teachers used more verbal interactions with the children when there was 
a small-group science activity involved. However, teachers did not include many science-
related questions. Li the block and manipulative areas, teachers tended to use more 
measuring and counting questions, and they used more reasoning questions in the dramatic 
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play area. In addition, the teachers interacted with children most often in the art area. The 
present study concludes that teachers need to increase their verbal interactions with 
preschoolers in each classroom area and the quality of verbalizations. Only half of the 
preschool classrooms had a science interest area and a very low percentage of the programs 
offered informal sciencing activities. A gap between teachers' beliefs and practices 
concerning science teaching as evident in the interview and videotaping was shown in this 
study. In-service science education is needed for preschool teachers. 
Limitations and Recommendations 
The participants were 20 head teachers of 3- to 5-year-old preschoolers employed in 
central Iowa child care centers. This was an exploratory study with a small sample size; 
therefore preschool teachers' verbal interaction with children may be influenced by sample 
size, location of the center, and time of year. Future studies need to consider a larger sample. 
The study used naturalistic (Day 1) and experimental (Day 2) designs to study 
teacher-child verbal interactions in the preschool classrooms. On Day 2, the play dough 
activity was provided as an experimental situation and this seemed to increase teachers' 
selected verbal interactions with the children. To increase understanding about teachers' 
verbal interactions using other science activities, future studies might consider providing 
different science activities, such as introducing a pet to the classroom, planting pumpkin 
seeds with children, or using blocks to make different ramp levels with cars. Future 
researchers might ask preschool teachers to create their own science lesson as the basis for 
empirical study. This would permit them to think through their questions and procedures that 
would enhance children's scientific thinking. 
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The current study videotaped preschool teachers during morning self-selection time. 
To understand during what part of the day teachers would use more science-related 
questions, future studies need to videotape the entire preschool day, including self-selection 
time, large group time, snack time, small group time, and outdoor play time, and explore 
whether preschool teachers change their verbal interactions with children throughout the 
school day. In addition, the present study was conducted in the summer. Farran and Son-
Yarbrough (2001) studied preschoolers' play and verbal behaviors and found that children 
increased their play in the science area across the year. For future studies, repeated 
measurements might be used, for instance, to record preschool teacher-child verbal 
interactions across different times of the year. 
Even though this study had some limitations, it provides empirical evidence of 
preschool teachers' verbal interactions with children during self-selection time without and 
with a formal science activity. The science environments in these preschool classrooms are 
described, as well. These findings hopefully will help teachers be more aware of their science 
teaching and have optimistic attitudes toward teaching science to preschoolers. These 
teachers need support on ways to use science-related questions of engagement There is a gap 
between their beliefs and practices; that is, they view science as an important subject matter 
for young children, but lack integration of science activities in their curriculum. 
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GENERAL CONCLUSIONS 
The quality of teacher-child verbal interactions, especially science-related questions, 
promote children's observation skills, develops their problem-solving skills, and encourages 
them to share ideas (Barrett et al., 1999; Branscombe et al., 2000). What types of verbal 
interactions do teachers have with the preschoolers? What type of verbal interactions do 
teachers have with the preschoolers when they are engaged in a small-group science activity? 
Do teachers have more verbal interactions, especially more science-related questions when 
they are presenting a science activity with preschoolers? Also, in which areas of the 
classroom do teachers use more science-related questions? This research addressed these 
questions by studying 20 head teachers of 3- to 5-year-old preschoolers on two consecutive 
days in their classrooms. The purpose of this study was to investigate preschool teachers' 
verbal interactions with children during morning self-selections time on Day 1 and self-
selection time with a specific small-group science activity on Day 2 and to examine 
availability of science-related materials.. 
According to the literature review in Chapter 1, science is everywhere and science-
related experiences are appropriate for young children (Barclay et al., 1999). Scientific 
knowledge and skills, such as investigating problems, making predictions about outcomes, 
doing experiment and observing outcomes, and offering conclusions about what they have 
learned, continues to develop across children's lifetime (Leeper, Skipper, & Witherpoon, 
1979; Sprung, Froschl, & Campbell, 1985). Children have an innate curiosity about the world 
around them and science provides an exploration that helps them find out about their world 
(Chaille & Britain, 1997; Holt, 1989; Smith, 1981). Science experiences are valuable m the 
lives of children because they help them think logically and creatively, and develop their 
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problem-soling skills as well (Leeper, Skipper, & Witherpoon, 1979). An integrated 
approach to science education makes curriculum more meaningful for young children and 
enhances their development (Bredekamp & Rosegrant, 1995; Harlan & Rivkin, 2000). The 
science curriculum can be integrated with other areas of curriculum, such as math, language 
and literacy, gross motor, health, safety, and nutrition (Harlan & Rivkin, 2000). Further, 
science experiences are associated with all areas of child development, i.e., cognitive, 
language, social and emotional, and physical development. 
Chapter 2 reports an empirical study that investigated 20 preschool teachers 
employed in central Iowa child care centers. Each teacher was videotaped on two consecutive 
days during morning self-selection time. The Preschool Teacher Verbal Interaction Coding 
Form (Appendix J) was used to investigate the types of verbal interactions preschool teachers 
have with the children in their classroom. The Preschool Teacher Classroom/Sciencing 
Coding Form (Appendix H) was used to examine the classroom areas, the preschool 
teachers' verbal interactions with children, and the type of activity, especially science-related 
activities. Each teacher was interviewed to collect demographic information and their 
professional views of science for preschoolers. The Preschool Classroom Science Materials 
Checklist (Appendix D) and the Preschool Classroom Science Activities Checklist 
(Appendix E) were used to examine accessible science materials and the availability of 
science activities in the preschool classrooms. 
Results indicated that teachers used more verbal statements than questioning 
statements, and that the most frequent preschool teachers' verbal interaction was giving 
guidance. They used few science-related questions (i.e., attention-focusing, problem-posing, 
measuring and counting, comparing, and reasoning questions). Teachers seemed to use more 
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verbal interactions when they were engaged in the Day 2 preplanned, small-group science 
activity with preschoolers. Teachers tended to interact with the preschoolers most often in the 
art area. They used more measuring ad counting questions in the block and manipulative 
areas, and they used more reasoning questions in the dramatic play area. Few classrooms 
offered a science interest area or science activities. Teachers need to engage in more verbal 
interactions, especially science-related questions, with the children in all classroom areas. 
Teachers are encouraged to use the materials in their science centers to arrange and create 
engaging and provocative science environment for preschoolers. 
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Table 1 
Frequency distributions for science materials 
Item Percentage (Yes) 
Vinyl animals 80.0 
Plants 70.0 
Sensory table 65.0 
Posters/Charts 55.0 
Magnets 50.0 
Magnifying glasses 35.0 
Aquarium 30.0 
Metric balance 25.0 
Mirrors 20.0 
Outdoor garden 20.0 
Microscope 15.0 
Living animals; i.e, models 10.0 
Scales 10.0 
Flashlights 0.0 
Planting materials 0.0 
Thermometers 0.0 
Item Mean Range 
Books 6.45 0-42 
Puzzles 2.20 0-8 
Video tapes 0.00 0 
105 
Table 2 
Frequency distributions for science equipment 
Item Percentage (Yes) 
Prisms 35.0 
Timer 25.0 
Flowerpots 25.0 
Binoculars 20.0 
Yam 10.0 
Cardboard tubes 5.0 
Coffee cans 5.0 
Food coloring 5.0 
Juice cans 5.0 
Potting soil 5.0 
Rulers 5.0 
Sponges 5.0 
Spools 5.0 
Measuring cups and spoons 0.1 
Candles 0.0 
Egg cartons 0.0 
Funnels 0.0 
Latches 0.0 
Locks and keys 0.0 
Milk cartons 0.0 
Old sheets and pillowcases 0.0 
Pitchers 0.0 
Plastic jars and containers 0.0 
Pulleys 0.0 
Rubber tubing 0.0 
Small cages 0.0 
Tape measures 0.0 
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Table 3 
Frequency distributions for natural science materials 
Item Percentage (Yes) 
Plants 70.0 
Seashells 35.0 
Pine Cones 15.0 
Bird nests 10.0 
Dried flowers 10.0 
Fossils 10.0 
Feathers 5.0 
Gourds 5.0 
Insects 5.0 
Nuts and seeds 5.0 
107 
APPENDIX B 
CORRESPONDENCE 
IOWA STATE UNIVERSITY L08 College of Family and Consumer Sciences Department of Human Development 
and Family Studies 
4380 Palmer Building. Room 2330 
Ames, Iowa 50011-4380 
515 294-6316 
FAX 515 254-2502 
http://www.rcs.iastaie.edu/Mrs 
O F  S C I E N C E  A N D  T E C H N O L O G Y  
Spring 2001 
Dear Director: 
As a doctoral candidate in Human Development and Family Studies specializing in Early 
Childhood Education at Iowa State University, I am interested in learning more about 
teacher-child verbal interaction in preschool settings. The current study will help us 
understand teacher's verbalizations during self-selection time and help us learn more 
about the teacher's roles in young children's learning. 
This study involves videotaping preschool head teachers during their morning self-
selection time on two consecutive days. The teacher will wear a cordless remote 
microphone to accurately record their verbal interactions. A brief interview with the head 
teacher on the second day of videotaping will be conducted at the teacher's convenience 
to collect background information and professional views regarding the science activity 
in his/her classroom. 
We are seeking your permission to include one or two of your head teachers of 3- to 5-
year-old children from your center to participate in this study. No center names or teacher 
names will be identified in the final research reports. All information will be kept 
confidential. Results of this study will be presented in a Doctoral of Philosophy 
dissertation, in journal articles, and at professional meetings. A summary of the research 
will be provided to you and the teachers. 
If you grant permission for one or two head teachers in your center to participate in this 
study, please sign and return the attached form to us. 
In advance, thank you for your time and consideration of involvement with this study. If 
you have any questions, please contact me at (515) 292-8614 or Dr. Joan Herwig at (515) 
294-6230. Your support and cooperation with this study is greatly appreciated. 
Sincerely, 
Tsunghui Tu 
Doctoral Candidate 
Joan E. Herwig, Ph.D. 
Major Professor in Charge of Research 
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Department of Human Development and Family Studies 
Iowa State University 
Ames, IA 50011-4380 
515-292-8614 
PRESCHOOL TEACHER-CHILD VERBAL INTERACTION 
IN YOUNG CHILDREN'S LEARNING 
The purpose and the general nature of the research procedures have been explained to me. I 
understand that one or two head teachers of 3 -to 5-year-old children will participate in this study. I 
also understand neither the program, the director, nor the teachers will be identified by name and all 
information will be kept confidential. Finally, I understand that I can withdraw my center from this 
study any time. 
(Name of child care center) 
described in the accompanying letter and these are the name of one or two preschool 
teachers. 
I am willing for to participate in this study as 
(Name of a preschool teacher) 
(Name of a preschool teacher) 
I am not willing for to participate in this study as 
(Name of child care center) 
described in the accompanying letter. 
Director's Signature Name of Early Childhood Program 
Date Telephone Number 
IOWA STATE UNIVERSITY College of Family and Consumer Sciences 
Department of Human Development 
and Family Studies 
4380 Palmer Building, Room 2330 
Ames, Iowa 50011-4380 
5'5 294-6316 
FAX 515 294-2502 
http://w\vw.fcs.iastaic.edu/hd[s 
O F  S C I E N C E  A N D  T E C H N O L O G Y  
May 2001 
Dear Head Teacher: 
As a doctoral candidate in Human Development and Family Studies specializing in Early 
Childhood Education at Iowa State University, I am interested in learning more about 
teacher-child verbal interaction in preschool settings. The current study will help us 
understand teacher's verbalizations during self-selection time and help us learn more 
about the teacher's roles in young children's learning. 
This study involves videotaping preschool head teachers during their self-selection time 
on two consecutive days. On the first day, you will be videotaped during the regular 
scheduled self-selection time, approximately 60 minutes. On the second day, the 
researcher will bring a simple, familiar science activity to the classroom, and you need to 
implement this specific science activity during the self-selection time. The researcher will 
prepare the materials for you. A cordless remote microphone is used. It also involves a 
brief interview with-the head teachers on the second day of videotaping to gather 
background information and professional views regarding the specific science activity 
that the research will bring into the classroom. 
Your center director has given permission for you to participate in this study and now we 
are seeking your permission for you to participate in this study. Your name or your 
program's name will not be identified in the final research report All information will be 
kept confidential. Results of this study will be presented in a dissertation, in journal 
articles, and at professional meetings. A summary of the research will be provided to you. 
If you agree to participate in this study, please sign and return the attached permission 
form to us. 
In advance, thank you for your time and involvement with this study. If you have any 
questions, please contact me at (515) 292-8614 or Dr. Joan Herwig at (515) 294-6230. 
Your support and cooperation with this study is invaluable and greatly appreciated. 
Sincerely, 
Tsunghui Tu 
Doctoral Candidate 
Joan E. Herwig, PhD. 
Major Professor in Charge of Research 
I l l  
Department of Human Development and Family Studies 
Iowa State University 
Ames, LA. 50011-4380 
515-292-8614 
PRESCHOOL TEACHER-CHILD VERBAL INTERACTION 
IN YOUNG CHILDREN'S LEARNING 
The purpose and the general nature of the research procedures have been explained to me. I 
understand that I will be videotaped on two consecutive days during the morning self-selection time. 
On the second day, I will be provided with a simple activity to do with interested children. I 
understand that any procedure question will be answered. In addition, I will complete a brief 
interview with the researcher. I also understand neither the program, the director, nor the teachers will 
be identified by name and all information will be kept confidential. Finally, I understand that I can 
withdraw from this study any time. 
I am willing to participate in this study as described in the accompanying letter. 
I am not willing to participate in this study as described in the accompanying letter. 
Head Teacher's Signature Date 
Name of Early Childhood Program 
Preferred time to be contacted by telephone: 
Phone Number 
M T W R F  
AM Hour 
M T W R F  
PMHour 
IOWA STATE UNIVERSITY M College of Family and Consumer Sciences 
Department of Human Development 
and Family Studies 
4380 Palmer Building, Room 2330 
Ames, Iowa 50011-4380 
515 294-6316 
FAX 515 294-2502 
http://www.fcs.iastate.edu/ltdls 
O F  S C I E N C E  A N D  T E C H N O L O G Y  
Summer 2001 
Dear Teacher Assistant: 
As a doctoral candidate in Human Development and Family Studies specializing in Early 
Childhood Education at Iowa State University, I am interested in learning more about 
teacher-child verbal interaction in preschool settings. The current study will help us 
understand teacher's verbalizations during self-selection time and help us Ieam more 
about the head teacher's roles in young children's learning. 
This study involves videotaping preschool head teachers during their self-selection time 
on two consecutive days. The video camera will be focused on the head teacher with 
you as the assistant teacher and the children in the background. On the first day, the head 
teacher will be coincidentally videotaped during the regular scheduled self-selection time, 
approximately 60 minutes. On the second day, the researcher will bring a simple, familiar 
science activity to the classroom, and the head teacher will implement this specific 
science activity during the self-selection time. 
Your center director has given permission for the head teacher and you to participate in 
this study and now we are seeking your permission for you to participate in this study 
because you may be videotaped. Your information will not be included in this study, only 
information about the head teachers. All information will be kept confidential. No 
program, teacher, teacher assistant or child will be identified by name in the final 
research report 
If you agree to indirectly participate in this study, please sign and return the attached 
permission form to us. 
In advance, thank you for your time and involvement with this study. If you have any 
questions, please contact me at (515) 292-8614 or Dr. Joan Herwig at (515) 294-6230. 
Your support and cooperation with this study is invaluable and greatly appreciated. 
Sincerely, 
Tsunghui Tu 
Doctoral Candidate 
Joan E. Herwig, Ph.D. 
Major Professor in Charge of Research 
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Department of Human Development and Family Studies 
Iowa State University 
Ames, IA 50011-4380 
515-292-8614 
PRESCHOOL TEACHER-CHILD VERBAL INTERACTION 
IN YOUNG CHILDREN'S LEARNING 
The purpose and the general nature of the research procedures have been explained to me. I 
understand that the study focuses on the head teacher's statements and questions. Nothing about me 
will be analyzed as part of the study. I understand that both the director of the child care center and 
the head teacher have granted permission for this study to be conducted in the classroom. I also 
understand that neither the program, the director, the teachers nor the child will be identified by name 
and all information will be kept confidential. Finally, I understand that I can withdraw from this study 
at any time. 
I am willing to indirectly participate in this study as described in the accompanying 
letter. 
I am not willing to indirectly participate in this study as described in the 
accompanying letter. 
Teacher Assistant's Signature Date 
Name of Early Childhood Program 
IOWA STATE UNIVERSITY ™ College of Family and Consumer Sciences 
Department of Human Development 
and Family Studies 
4380 Palmer Building, Room 2330 
Ames, loxva 50011-4380 
515 294-6316 
FAX 515 294-2502 
hup^Zwww.fcs.ias iate.edu/ltdfs 
O F  S C I E N C E  A N D  T E C H N O L O G Y  
May 2001 
Dear Parent: 
We need your help. As a doctor candidate in Human Development and Family Studies 
specializing in Early Childhood Education at Iowa State University, I am interested in 
learning more about teacher-child verbal interaction in preschool settings. The current 
study will help us understand teacher's verbalizations during self-selection time and help 
us learn more about the teacher's roles in young children's learning. 
This is where you can help. In order to conduct this study, we need you parent permission 
for your child to be videotaped in case he/she is videotaped along with the teacher. Your 
child care director and your child's teacher have given us permission to videotape the 
teacher and now in the classroom, but because your child may be videotaped interacting 
with the preschool teacher, we also need your permission. 
This study involves videotaping the preschool head teachers during their self-selection 
time on 2 days. The video camera will be focused on the teacher with the children in the 
background. No special activities or interactions will be expected of the children during 
the videotaping. Videotaping will be done unobtrusively as possible so the children and 
teacher feel as comfortable as possible. 
We are seeking your permission to videotape your child with his classmates and teachers 
during the morning self-selection time. No child information will be included in this 
study, only information about the teachers. All information will be kept confidential. No 
program, teacher, or child will be identified by name in the final research report. A 
summary of the research will be provided to you and the teachers. 
Return the attached consent form to the teacher. Thank you for your willingness to 
participate in this study. If you have any questions, please contact me at (515) 292-8614 
or Dr. Joan Herwig at (515) 294-6230. Your support and cooperation with this study is 
greatly appreciated. 
Sincerely, 
Tsunghui Tu 
Doctoral Candidate 
Joan E. Herwig, Ph.D. 
Major Professor in Charge of Research 
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Department of Human Development and Family Studies 
Iowa State University 
Ames, IA 50011-4380 
515-292-8614 
PARENT PERMISSION FOR STUDY PRESCHOOL TEACHER-CHILD 
VERBAL INTERACTION IN YOUNG CHILDREN'S LEARNING 
The purpose and the general nature of the research procedures have been explained to me. I 
understand that the study focuses on the teacher's statements and questions. Nothing my child does 
will be analyzed as part of the study. I understand that both the director of the child care center and 
my child's teacher have granted permission for this study to be conducted in my child's classroom. I 
also understand neither the program, the director, the teachers nor my child will be identified by name 
and all information will be kept confidential. Finally, I understand that my child is free to withdraw 
from this study at any time. 
I am willing for my child to be videotaped as part of this study. 
I am not willing for my child to be videotaped as part of this study. 
Parent's Signature Date 
Child's Name Child's Birthdate 
Name of Early Childhood Program Child's Teacher 
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APPENDIX C 
DISTRIBUTION OF PARENT CONSENT FORMS 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
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Distribution of parent consent forms 
Number of Number of total Number of permission 
letters sent received (%) approvals (%) 
18 18 (100%) 18 (100%) 
22 15(68%) 14(64%) 
16 13 (81%) 11(69%) 
16 16 (100%) 16 (100%) 
16 16 (100%) 15 (94%) 
24 23 (96%) 22(92%) 
14 14(100%) 8 (57%) 
12 12 (100%) 11(92%) 
8 7(88%) 7 (88%) 
20 20 (100%) 20 (100%) 
15 13 (87%) 13 (87%) 
16 12 (75%) 12 (75%) 
16 13 (81%) 13 (81%) 
20 11(55%) 11(55%) 
20 16(80%) 16 (80%) 
8 7 (88%) 7 (88%) 
16 13 (81%) 12 (75%) 
14 13 (93%) 13 (93%) 
12 10(83%) 10 (83%) 
15 13 (87%) 13 (87%) 
318 275(86%) 262 (82%) 
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PRESCHOOL CLASSROOM SCIENCE MATERIALS CHECKLIST 
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ID# 
Name of the Program _ 
Name of the Classroom 
Date 
Preschool Science Materials Checklist 
(Items visible in the classroom) 
Science materials Exnerimental • Natural materials • 
eauinment 
Aquarium Binoculars Bird's nests 
Books (record number) Candles Dried flowers 
Flashlights Cardboard tubes Feathers 
Living animals Coffee cans Fossils 
Magnets Egg cartons Gourds 
Magnifying glasses Egg Timer Insects 
Metric balance Flower pots Nuts and seeds 
Microscope Food coloring Pine cones 
Mirrors Funnels Plants 
Outdoor garden Latches 
Planting materials Locks and keys 
Plants Measuring cups and spoons Others • 
Posters/ Chart 
(i.e., life cycle, Squirrel vs. 
Chipmunk, etc.) 
Milk cartons 
Puzzles (record number) Old sheets and pillowcases 
Scales Pitchers 
Sensory table Plastic jars and containers 
Thermometers Potting soil 
Video tapes (record number) Prisms 
Vinyl animals Pulleys 
Rubber tubing 
Rulers 
Small cages 
Sponges 
Spools 
Tape measures 
Yam 
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APPENDIX E 
PRESCHOOL CLASSROOM SCIENCE ACTIVITIES CHECKLIST 
ID# 
Program: 
Classroom: 
Date 
Preschool Science Activities Checklist 
(Science activities available in the classroom) 
Science area(s): 
Science items featured this day: 
Location/area of the classroom: 
Cooking 
Measuring utensils (not dramatic play) 
Others(please specify) 
Sand box: Indoor Outdoor 
Sand 
Rocks/stones 
Digging items 
Gravel 
Pebbles 
Pouring items 
Others (please specify) 
Water table Indoor Outdoor 
Plastic tubing 
Straws 
Eyedroppers 
Containers 
Funnels/waterwheel 
Strainers 
Colanders 
Others (please specify) 
Variety Sorting Objects 
Metal and nonmetal objects 
Flow and sink 
Others(please specify) 
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PRESCHOOL CLASSROOM TEACHER INTERVIEW FORM 
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ID# 
Name of the Program 
Name of the Classroom, 
Date 
Preschool Classroom Teacher Interview Form 
NAECP accredited Yes No 
Or 
In self-study Yes No 
Age group Total number Boys Girls, 
Head teacher's sex: 1 = Female 2 = Male 
Highest level of educational 
completed: 
1. High school diploma 
2.CDA 
3. Junior college or equivalent 
4. BAVB.S. degree 
(Specify major 1 
5. MA7M.S. or professional degree 
(Specify major } 
6. Other 
(Please specify major 1 
Teacher licensure(s): 
1. None 
2. Elementary Ed (K-8 grades) 
3. Prekindergarten/K 
4. Early Childhood (birth-8 years) 
5. Early Childhood special Ed (Birth-6 
years) 
6. Other 
Racial/Ethnic identification: 
1. White/Caucasian 
2. Black/African-American 
3. Hispanic/Latino 
4. Asian or Pacific Islander 
5. Native American/American Indian 
6. Other (Specify) 
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Years of teaching experience completed (include this year): 
1 = Head Teacher 
(years) 
2= Teacher Assistant 
(years) 
1. Daycare 
(Full day) 
(a) Infant/toddler 
(biith-36 month) 
(b) Preschool 
(36 month to 
kindergarten 
enrollment) 
(c) Kindergarten 
(d) School-age 
2. Preschool 
(1/2 day) 
3. Kindergarten 
(1/2 day) 
Total numbers of 
years taught 
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Interview questions 
1. How would you describe this day? (schedule, children behaviors, interactions) 
2. Is this a typical day or are there parts of it that are different in some way? If it has been 
different, what aspects have been different? 
3. What has been the best part of self-selection time today? (Children, curriculum, 
programming, learning) 
4. What is your definition of science for young children? 
5. Please describe today's science activities? 
6. Have you thought about what might be possible science activity you would be 
provided? 
7. How would you evaluate today's science activity? (interest level, level of suitability for 
the children, familiarity) 
8. What were your expectations today for the children and the prepared science activity? 
9. What would you do differently next time that you use this specific science activity with 
the children? 
10. Please rank the activities that you prefer to teach from most preferred to least preferred. 
(A) Language and literacy (B) Mathematics (C) Science (D) Health, safety, and 
nutrition (E) Social studies (F) Aesthetic expression (G) Gross motor and outdoors 
11. Were there the number of science activities today about the same as most days? More? 
Fewer? 
12. Which of the activities available during self-selection time today was the most 
cognitively challenging for the children? 
13. How many of the storybooks in your classroom today are related to science? Total? 
(Provide a specific number) 
14. How many science resource books for children are in your classroom today? 
(Provide a specific number) 
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APPENDIX G 
CODING MANUAL FOR PRESCHOOL TEACHER 
CLASSROOM/SŒNCING CODING 
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Part I. Teacher-child interaction classroom areas 
The system for coding the teacher-child interaction areas of the preschool classroom includes 
9 categories. Each classroom area is coded according to its function during every 30-second 
interval. If more than one activity area is observed, the activity is occurring 15 seconds or 
longer will be coded. Examples of the 9 interaction area categories are presented below. See 
Day 1 Preschool Teacher Gassroom/Sciencing Coding Form (see Appendix G). 
A = Art area 
Examples- markers, crayons, papers, scissors, glues, tapes, staples, pencils. 
Art area could be in several locations in the room. 
B = Block area 
Examples- wooden blocks, wooden vehicles, cardboard brick blocks, cars, 
farm house, train, trucks on floor. 
C = Computer area 
Examples- computers, chairs. 
M = Manipulative area 
Examples- puzzles, Lego, connects, duplo, doll house and accessories on 
table. 
S = Science area 
Examples: magnifying glasses, flashlights, seashells, rocks, fossils, 
binoculars, magnets, plants, scales. Science area could be in 
several locations in the room. 
DR=Dramatic play area 
Examples- child-sized dishes and cookware, baby dolls, doll clothes, shoes, 
hats, jewelry, cameras, food, vegetables, fruits, costumes, scarves, 
belts, gloves, purses, stuffed animals, puppets, occupation-related 
items, such as construction worker. 
LR=Language and reading area 
Example?- story books, headphones, cassette tape recorder, papers, pencils, 
SN = Sensory 
Examples- The sand and/or water area provides sand and/or water, and with 
other materials such as soil, measuring containers, 
funnels, or cups. 
0 = Other 
Part H. Sciencing 
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The system for coding science-related activities in the preschool classroom includes 4 
categories. The term sciencing was used by Newman (1972) and he defined sciencig into 
three categories: formal sciencing, informal sciencing, and incidental sciencing. Each 
category is coded in every 30-second interval. See Day 1 Preschool Teacher 
Classroom/Sciencing Coding Form (see Appendix G). 
F = Formal sciencing 
Teacher plans lessons, prepares materials, presents the materials to the children, then 
lets the children do the activity as much as possible to make the discoveries. 
Examples- cooking, introducing pet, setting up an incline, melting/freezing. 
IF = Informal sciencing 
Teacher sets up a comer or section of a room or outdoor area as the "sciencing 
center." Teacher selects materials and makes available to the child who desires to 
work with them. The child is free to use the materials and manipulate them in a 
variety of ways. 
Examples: magnifying glasses with nature materials (e.g., bird's nests, feathers, 
nuts and seeds), scales with a variety of objects (e.g., objects in different sizes and 
weights), magnets with different items (e.g., paperclips, markers, metal spoons). 
IN = Incidental sciencing 
As the name implies, incidental sciencing is unpredictable, open-ended, and 
spontaneous. It is not planned by the teacher. It is the result of some occurrence 
that interesting to one or more children and is elaborated and expanded by the 
responsive teacher. 
Examples- the class pet died over the weekend, an animal is unexpectedly brought 
to the classroom, a rabbit is seen hopping by the classroom window, or the weather 
suddenly changes. 
N = None of the above 
The activity that the teacher involved with children is not related to science activity. 
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PRESCHOOL TEACHER CLASSROOM/SŒNCING CODING FORM 
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Teacher ID #_ 
Coder Name. 
Day 1 
Preschool Teacher Classrooo/Sdendng Coding Form 
Classroom area 
A= Art area 
B = Block area 
C = Computer area 
M = Manipulative 
S = Science 
DR - Dramatic play area 
LR = Language and reading area 
SN = Sensory area 
0 = Other 
Sdendng 
F = Formal sciencing 
IF=Informal sciencing 
IN - Incidental sciencing 
N = None of the above 
fcOM-JO 051-1:00 1:01-130 131-100 £01-230 231-3:00 3.-01-330 331-4:00 *01-430 431-5:00 
Area A B C  
M S DR 
LR SN 
0 
A B C  
M S DR 
LR SN 
O 
A B C  
M S DR 
LR SN 
0 
A B C  
M S DR 
LR SN 
0 
A B C  
M S DR 
LR SN 
O 
A B C  
M S DR 
LR SN 
O 
A B C  
M S DR 
LR SN 
O 
A B C  
M S DR 
LR SN 
O 
A B C  
M S DR 
LR SN 
O 
A B C  
M S DR 
LR SN 
0 
Sciencing F F 
IN N 
F IF 
IN N 
F IF 
IN N 
F F 
IN N 
F F 
IN N 
F F 
IN N 
F F 
IN N 
F F 
IN N 
F F 
IN N 
F F 
IN N 
5:01-5:30 531-6:00 *01-630 631-7:00 7:01-730 731-8.-00 8:01-830 831-9*0 *01-930 931-1040 
Area A B C  
M S DR 
LR SN 
0 
A B C  
M S DR 
LR SN 
0 
A B C  
M S DR 
LR SN 
0 
A B C  
M S DR 
LR SN 
0 
A B C  
M S DR 
LR SN 
O 
A B C  
M S DR 
LR SN 
O 
A B C  
M S DR 
LR SN 
O 
A B C  
M S DR 
LR SN 
O 
A B C  
M S DR 
LR SN 
0 
A B C  
M S DR 
LR SN 
O 
Sciencing F F 
IN N 
F F 
IN N 
F F 
IN N 
F F 
IN N 
F F 
IN N 
F F 
IN N 
F F 
IN N 
F F 
IN N 
F F 
IN N 
F F 
IN N 
Classroom area 
Code Score 
Frequency % 
A 
B 
C 
M 
S 
DR 
LR 
SN 
O 
Number of 
Agreement 
Number of 
Disagreement 
Reliability 
(Pt-Pd)/Pt 
Code Score 
Frequency % 
Formal 
Informal 
Incidental 
None of the above 
Number of 
Agreement 
Number of 
Disagreement 
Reliability 
(Pt-Pd) / Pt 
Pc the total number of agreements and 
disagreements 
Pd: the number of observed disagreements 
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APPENDIX I 
CODING MANUAL FOR PRESCHOOL TEACHER 
VERBAL INTERACTION CODING 
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Part I. Teacher Verbalization Statement 
The system for coding teacher-child verbalization statements in the preschool classroom 
includes the 6 categories identified in bold below. The coding will be done at 30-second 
interval across the 10 minute videotaped segment There are a total of 20 intervals for each 
day of recording. Marks are placed in the Preschool Teacher Verbal Interaction Coding Form 
in the box next to each verbalization statement category. This coding behavior is done as the 
verbal statement is observed and is repeated when the verbal statement observed again. 
Operational definitions and examples for the 6 verbalization statement categories are 
presented below. See the Day 1 Day 2 Preschool Teacher Verbal Interaction Coding Form 
(see Appendix I). 
L = Learning Guidance 
The teacher demonstrates the activity or behavior the child will be doing or describes 
the next step in the activity. Also, it includes the teacher giving the unengaged child or 
one has just arrived at the activity, something to do (McWilliam, Scarborough, Bagby, 
& Sweeney, 1998). 
Examples: "Today, I am going to give you each a piece of playdough and I 
want both of you to..." 
First, we are going to cut the circle on the line." 
"I am going to tell you want we are going to do today." 
I = Information Talk 
These utterances are made the teacher uses to respond to a child's comment, to describe 
what the child is seeing or doing, or to give a positive verbal comments or answer to a 
child's question with specific information (Carman, 1990). 
Examples: "I am rolling out my playdough so it is very flat." 
"I see that you are rolling your playdough into a ball." 
"They look just like our bone." 
P = Praise 
The teacher praises a child by conveying pleasure or admiration for the child, the child's 
behavior, or the child's product (Mc Willi am, Scarborough, Bagby, & Sweeney, 1998). 
Examples: "Good job" 
"Wonderful" 
"Marvelous" 
"Great" 
"It's neat" 
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A = Acknowledge 
The teacher uses statements that acknowledge the child's activity or approve the child's 
verbal behavior without elaboration (Abraham & Schlitt, 1973; McWilliam, 
Scarborough, Bagby, & Sweeney, 1998). 
Examples- "OK" 
"All right" 
"You are working hard." 
F = Follow-up 
The teacher elicits verbal or behavioral responses related to the child's activity. These 
utterances are extensions of the specific statement previously stated by a child. The 
teacher responds to a child's comment by elaborating upon the child's words, i.e., what 
the child has just said (Carman, 1990; McWilliam, Scarborough, Bagby, & Sweeney, 
1998). 
Examples: Child says, "Roll playdough." 
Teacher replies, "Oh, you want me to roll the playdough into a ball 
for you. Okay." 
O = Other statement 
The teacher talks to adults, such as a parent or a teaching assistant When the 
teacher talks to the children's siblings or himself/herself, it is coded other. Any 
greeting statements (e.g., hi, good morning), polite sayings (excuse me, please, thank 
you), announcements (e.g., We are about ready to..., We have 10 minutes to play). 
134 
Part H. Questioning 
The system for coding the teacher-questioning behavior in the preschool classroom includes 
the 8 categories identified in bold below. The coding will be done at 30-second interval 
across the 10 minute videotaped segment There are a total of 20 intervals for each day of 
recording. Marks are placed in the Preschool Teacher Verbal Interaction Coding Form in the 
box next to each teacher questioning behavior category. This coding of behaviors is done as 
the teacher-questioning behavior is observed and is repeated when the teacher-questioning 
behavior observed again. Operational definitions and examples of the 8 teacher questioning 
behavior categories are presented below. See the Day 1 Day 2 Preschool Teacher Verbal 
Interaction Coding Form (see Appendix I). 
C = Closed question 
These are utterances that inherently require a child to produce only a one or two word 
response, a motor response or a rote response. Often the expected response is counting, 
yes/no, naming or labeling an object or selecting an answer from choices the teacher has 
provided. If a question is not an open question or a tag question, it is a closed question 
(Carman, 1990). 
Examples- "Can you pour the water into the cup?" 
"Can you count this?" 
"What color are we making?" 
AT = Attention-focusing question 
Attention-focusing questions help a child fix his/her attention on significant details, by 
seeing, hearing, smelling, tasting, and feeling (Eltgeest 1985). 
Examples- Have you seen....? 
What have you noticed about...? 
What are they doing? 
How does it feel/smell/look? 
What happen there? 
What's on your shirt? 
AC = Action question 
Action questions encourage a child to explore the properties of unfamiliar living or 
nonliving materials, properties of small events taking place or to make predictions 
about phenomena (Eltgeest, 1985). 
Examples: What happens if...? 
What would happen if...? 
What if...? 
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PP=Problem-posing question 
Problem-posing questions help a child plan and implement solutions to problems. 
These questions include asking for clarification, verification or justification, or the 
extension of knowledge (Doyle, 1972; Eltgeest, 1985). 
Examples: How would you find a way to...? 
How would you figure out how to...? 
What else do we need to make pizza? 
What else would you like to play? 
MC = Measuring and counting question 
Measuring and counting questions help a child become more precise about his/her 
observations. These questions naturally lead to the next category of comparison 
questions. For instance, is it longer, heavier, more? (Eltgeest, 1985). 
Examples- Howmany...? 
How often...? 
How long...? 
How much...? 
CP = Comparison question 
Teacher asks a child to classify or sort a set of objects into a series of groupings. 
Examples: Which is larger/smaller? (softer/louder; smoother/rougher) 
RS = Reasoning question 
The teacher asks a child to tell how and what he/she has observed, inferred, or 
classified in order for the child to clarify his/her thinking. Reasoning questions help 
the child think about his/her experiences and construct ideas, and to offer explanations 
(Eltgeest, 1985). 
Examples: Why do you think...? 
What is your reason for...? 
Can you invent a rule for...? 
How are these the same or different? 
How do they go together? 
O = Other question 
The teacher asks adults (e.g., parents, teaching assistant) questions. 
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APPENDIX J 
PRESCHOOL TEACHER VERBAL INTERACTION CODING FORM 
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Tether ID#. 
Coder Heme. 
Deyl 
Pradiool Teecfaer Verbal Interaction Coding Form 
we­
eds 
W6. 
ea# 
031-
ws 
Mf- i.-ei-
1:15 
1:16-
13# 
131-
1:45 
1:46. 
ZM 
2*1-
2:15 
2:16-
23# 
231-
2»45 
2M-
&#e 
Told 
T a^ffirffg 
gmdmcc(L) 
hfijniiafion 
ait m 
Plaise (P) 
Acknowledge 
(A) 
FoUow-aofF) 
Other 
statement (0) 
OocAfcn 
Oo$ed(Q 
Attentiao-
focusmefAT) 
Action (AC) 
Problem-
posing (PP) 
Measuring and 
counting (MO 
Comparison 
(CP) 
Reasoning 
(RS) 
Other question 
(0) 
341-
3:15 
3:16-
33# 
331-
3:45 
3M6-
4,-ee 
4M-
4U5 
4d6-
43# 
431-
*45 
4:46-
5m 
5M-
505 
5d6-
53# 
531-
5s45 
5:46-
fcl# 
Total 
» 
Learning 
guidance (L) 
Infonnaoon 
talk 0) 
Praise (P) 
Acknowledge 
(A) 
Follow-no (F) 
Other 
statement (0) 
Onotiaa 
Closed (O 
Anninao-
facusing (AT) 
Action (AO 
Problem-
oosmg(PP) 
Measuring and 
counmuKMO 
(CP) 
Reasoning 
(RS) 
Other question 
(0) 
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Tether ID#. 
Coder Name. 
Deyl 
Prcschool Teacher Votai Inlersction Coding Farm 
Mi­
sas 
6U6-
6d# 
«JI­
MS 
(-A6-
74# 
7*1-
7:15 
7:16-
7d# 
731-
TA5 
I'M-
&## 
8*1-
8:15 
8U6-
IdO 
831-
8*5 
SM-
9M 
Total 
Statcmatt 
Leming 
guidance (L) 
Information 
talk (I) 
Plaise (P) 
Acknowledge 
CA) 
FoUow-UD (F) 
Other 
salement (0) 
Owtien 
Closed (Q 
Atteanoo-
fccusmg(AT) 
Action (AO 
Problem-
posing (PP) 
Measuring and 
counting (MO 
Comparison 
(CP) 
Reasoning 
(RS) 
Other question 
(0) 
9*1-
W5 
9d«> 
M# 
•JI­
MS 
Mt-
ie*# 
Total 
Statement 
Learning 
guidance (L) 
Infbnnation 
talk(D 
Raise (P) 
Acknowledge 
(A) 
Follow-no (F) 
Other 
statement (0) 
Ooartta 
Closed (O 
Attention-
focusing (AT) 
Action (AO 
Problem-
Dosm*(PP) 
Measuring and 
counting (MO 
(CP) 
Reasoning 
(RS) 
Other question 
(0) 
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Teachcr ID# 
Coder Name 
Dey 2 
Preschool Teadxr Verbal Interaction Coding Form 
IM-
1:15 
#d«-
#3# 
#31-
#*5 
M6-
14# 
L-ei-
1:15 
1:16-
13# 
131-
1*5 
1*6-
2m 
2.-01-
2:15 
2:16-
23# 
231-
2*5 
2*6-
34# 
Total 
Leaning 
guidance (L) 
bifarmarioo 
talk m 
Plaise (P) 
Acknowledge 
(A) 
Follow-on (F) 
Other 
statement (0) 
Oeedoe 
Closed (Q 
Attenrion-
focusme (AT) 
Action (AO 
Problem-
PoamtfPP) 
Measuring and 
counting (MO 
Comparison 
(CP) 
Reasoning 
(RS) 
Other question 
(0) 
341-
305 
306-
330 
331. 
3*5 
3*6-
*## 
4*1-
405 
406-
43# 
431. 
4*5 
4*6» 
5*# 
541-
5:15 
5:16-
53# 
531-
5*5 
5*6-
64# 
Total 
Statement 
Learning 
guidance (L) 
Information 
talkfl) 
Praise (P) 
Acknowledge 
(A) 
FoUow-ud(F) 
Other 
statement (0) 
Ouaabom 
Closed (O 
Attention-
foctumg (AT) 
Action (AO 
Problcm-
noamg(PP) 
Measuring and 
counting (MO 
(CP) 
Reasoning 
(RS) 
Other «{gestion (0) 
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Tesclier ID# 
Coder Name. 
D«y2 
Pracbooi Teacher Verbal Interaction Coding Form 
fcei-
605 
6:16-
6d# 
6:31-
6s<5 
6*6-
740 
741-
7:15 
7U6-
7 JO 
731-
7:45 
7s*. 
840 
841-
8:15 
8:16-
830 
831-
8:45 
8M6-
MO 
Tottl 
fiHHMM.lt 
Laming 
guidance (L) 
fnformatian 
talk m 
Plaise (P) 
Acknowledge 
(A) 
Follow-no (F) 
Other 
itatemeat(O) 
QMAfcn 
Closed (Q 
Atttnrion-
fbca$me(AT) 
Action (AO 
Problem-
poemiKPP) 
Measuring and 
counting (MO 
Comparison 
(CP) 
Reasoning 
ma 
Other question (0) 
MI-
MS 
*16-
MO 
Ml 
MS 
*46-
1040 
Tolal 
fi——— 
Learning 
guidance (L) 
Enformanon 
taOcO) 
Plaise (P) 
Acknowledge 
(A) 
R)Dow-uo(F) 
Other 
statement (0) 
Question 
Closed (O 
Anention-
foamngfAT) 
Action fAO 
Profclem-
oosmz(PP) 
Measuring and 
counting (MO 
(CP) 
Reasoning 
(RS) 
Other question 
CO) 
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APPENDIX K 
CODING MAP 
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Coding Map 
Teacher information: 
Variable Label Variable Column Variable Value 
(Name) 
Center Number CEN 1-2 01-13 
Teacher within TK> 3 1 = First teacher 
center 2 = Second teacher 
3= Third teacher 
Teacher TEACHER 4 1-20 
NAECP accredited NAECP 5 0 = No 
1 = Yes 
Self-study SELF 6 
•—
 
o
 
il 
H 
s?
 o*
 
Age group AGE 7 1=3-4 years old 
2=4-5 years old 
3 = 3-5 years old 
Total number boys TB 8 Raw Number 
Total number girls TG 9 Raw Number 
Gender GD 10 1 = Female 
2 = Male 
Education EDU 11 1 = High school 
diploma 
2 = CD A 
3 = Junior college or 
equivalent 
4 = B.A7B.S. degree 
5 = MA7M.S. or 
professional degree 
6 = Other 
Teaching licensure TU 12 1 = None 
2 = Elementary Ed (k-
8 grades) 
3 = Pretindergarten/K 
4=Early Childhood 
(biith-8 years) 
5 = Inclusive (Birth-6 
years) 
6 = 2&3 
7 = 2&4 
8 = 3&5 
9 = Other 
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Variable Label Variable 
(Name) 
Racial/Ethnic RACE 
identification 
Years of teaching 
Full day 
Head Teacher HTla 
Infant/toddler 
Head Teacher. HTlb 
Preschool 
Head Teacher HTlc 
Kindergarten 
Head Teacher HTld 
School-age 
Teacher Assistant: TAla 
Infant/toddler 
Teacher Assistant: TAlb 
Preschool 
Teacher Assistant: TAlc 
Kindergarten 
Teacher Assistant: TAld 
School-age 
Half day 
Head Teacher HT2 
Preschool 
Head Teacher HT3 
Kindergarten 
Teacher Assistant: TA2 
Preschool 
Teacher Assistant: TA3 
Kindergarten 
Parent form sent PFS 
Agree to AGP 
participate 
Disagree to DGP 
participate 
Column Variable Value 
13 1 = White/Caucasian 
2 = Black/African-
American 
3 = Hispanic/Latino 
4 = Asian or Pacific 
Islander 
5 = Native 
American/American 
Indian 
6 = Other 
14 Raw number 
15 Raw number 
16 Raw number 
17 Raw number 
18 Raw number 
19 Raw number 
20 Raw number 
21 Raw number 
22 Raw number 
23 Raw number 
24 Raw number 
25 Raw number 
26 Raw number 
27 Raw number 
28 Raw number 
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Science activity: 
Variable Label Variable Column Variable Value 
(Name) 
Science Activities 
Science area SA 29 0 = No 
1 = Yes 
Cooking COK 30 0 = No 
1 = Yes 
Sand Box 
Indoor sand SIS 31 o
 
il •§ 
1 = Yes 
Indoor rocks/stones SIR 32 
£
 h 
o
 
1 = Yes 
Indoor digging SID 33 0 = No 
items 1 = Yes 
Indoor gravel SIG 34 0 = No 
1 = Yes 
Indoor pebbles SIP 35 0 = No 
1 = Yes 
Indoor pouring SIPU 36 0 = No 
items 1 = Yes 
Indoor others SIO 37 0 = No 
1 = Yes 
Outdoor sand SOS 38 0 = No 
1 = Yes 
Outdoor SOR 39 0 = No 
rocks/stones l=Yes 
Outdoor digging SOD 40 0 = No 
items 1 = Yes 
Outdoor gravel SOG 41 0 = No 
1 = Yes 
Outdoor peddle SOP 42 0 = No 
1 = Yes 
Outdoor pouring SOPU 43 0 = No 
items 1 = Yes 
Outdoor others SOO 44 0 = No 
1 = Yes 
Water table 
Indoor plastic WIP 45 0 = No 
tubing 1 = Yes 
Indoor straws WIS 46 0 = No 
1 = Yes 
Indoor eyedroppers WIE 47 0 = No 
1 = Yes 
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Variable Label Variable Column Variable Value 
(Name) 
Indoor containers WIC 48 o
 
il 2
 
1 = Yes 
Indoor WIF 49 0 = No 
funnels/waterwheel 1 = Yes 
Indoor strainers WIST 50 0 = No 
1 = Yes 
Indoor colanders WICO 51 0 = No 
1 = Yes 
Indoor others WIO 52 0 = No 
1 = Yes 
Outdoor plastic WOP 53 0 = No 
tubing 1 = Yes 
Outdoor straws WOS 54 0 = No 
1 = Yes 
Outdoor WOE 55 0 = No 
eyedroppers 1 = Yes 
Outdoor containers woe 56 0 = No 
1 =Yes 
Outdoor WOF 57 0 = No 
funnels/waterwheel 1 = Yes 
Outdoor strainers WOST 58 0 = No 
1 = Yes 
Outdoor colanders WOCO 59 
£ il o 
1 = Yes 
Outdoor others WOO 60 0 = No 
1 = Yes 
Variety sorting 
objects 
Metal and nonmetal SORM 61 0 = No 
objects 1 = Yes 
Flow and sink SORF 62 0 = No 
1 = Yes 
Others SORO 63 0 = No 
1 = Yes 
Science material: 
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Variable Label Variable Column Variable Value 
(Name) 
Science Materials 
Aquarium MAQ 64 0 = No 
1 = Yes 
Books MBK 65 Raw Number 
Flashlights MFL 66 0 = No 
1 = Yes 
Living animals MLA 67 0 = No 
1 = Yes 
Magnets MMA 68 0 = No 
1 = Yes 
Magnifying glasses MMG 69 0 = No 
1 = Yes 
Metric balance MB 70 0 = No 
1 = Yes 
Microscope MMIC 71 0 = No 
1 = Yes 
Mirrors MMR 72 0 = No 
1 = Yes 
Outdoor garden MOG 73 0 = No 
1 = Yes 
Planting materials MPM 74 0 = No 
1 = Yes 
Plants MPLT 75 0 = No 
1 = Yes 
Poster/Chart MPOS 76 0 = No 
1 = Yes 
Puzzles MPUZ 77 Raw Number 
Scales MSCA 78 0 = No 
1 = Yes 
Sensory table MSTA 79 0 = No 
1 = Yes 
Thermometers MTHE 80 0 = No 
L = Yes 
Videotapes MVID 81 Raw Number 
Vinyl animals MNLA 82 0=No 
1 = Yes 
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Variable Label Variable Column Variable Value 
(Name) 
Experimental 
equipment 
Binoculars EBIN 83 0 = No 
1 = Yes 
Candles ECAN 84 0 = No 
1 = Yes 
Cardboard tubes ECAR 85 0 = No 
1 = Yes 
Coffee cans ECOF 86 0 = No 
1 = Yes 
Egg cartons EEGC 87 
•
z il o
 
1 = Yes 
Egg Timer EETI 88 0 = No 
1 = Yes 
Flowerpots EFLO 89 0 = No 
1 = Yes 
Food coloring EFOO 90 0 = No 
1 = Yes 
Funnels EFUN 91 0 = No 
1 = Yes 
Juice cans EJUI 92 0 = No 
1 = Yes 
Latches ELAT 93 0 = No 
1 = Yes 
Locks and keys ELOK 94 0 = No 
1 = Yes 
Measuring cups and EMEA 95 0 = No 
spoons 1 = Yes 
Milk cartons MMDC 96 0 = No 
1 = Yes 
Old sheets and MOLD 97 0 = No 
pillowcases 1 = Yes 
Pitchers MPrr 98 0 = No 
1 = Yes 
Plastic jars and MPLA 99 0 = No 
containers l=Yes 
Potting soil MPOT 100 0 = No 
1 = Yes 
Prisms MPRI 101 0 = No 
1 = Yes 
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Variable Label Variable Column Variable Value 
(Name) 
Pulleys MPUL 102 0 = No 
1 = Yes 
Rubber tubing MRUB 103 0 = No 
1 = Yes 
Rulers MRUL 104 0 = No 
1 = Yes 
Small cages MSMA 105 0 = No 
1 = Yes 
Sponges MSPN 106 0 = No 
1 = Yes 
Spools MSPL 107 0 = No 
1 = Yes 
Tape measures MTAP 108 0 = No 
1 = Yes 
Yam MYAR 109 0 = No 
1 = Yes 
Natural materials 
Birds' nests BIR 110 
£
 i
i o
 
1 = Yes 
Dried flowers DRI 111 0 = No 
1 = Yes 
Feathers FEA 112 0 = No 
1 = Yes 
Fossils FOS 113 0 = No 
1 = Yes 
Gourds GOU 114 0 = No 
1 = Yes 
Insects INS 115 0 = No 
1 = Yes 
Nuts and seeds NUT 116 0 = No 
1 = Yes 
Pine cones PIN 117 0 = No 
1 = Yes 
Plants PLA 118 0 =No 
1 = Yes 
Seashells SEA 119 0 =No 
1 = Yes 
Others OTH 120 0=No 
1 = Yes 
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Preschool teacher verbal interaction: 
Variable Label Variable 
(Name) 
Day of videotaping DAY 
Month MONTH 
Date DATE 
Week of the date WEEKD 
Statement: SG 
Give learning 
guidance 
Statement: SI 
Information talk 
Statement: SP 
Praises 
Statement: SAK 
Acknowledges 
Statement: SF 
Follow-up 
Statement: SO 
Other 
Questioning: Closed QC 
question 
Questioning: QAT 
Attention-focusing 
question 
Questioning: Action QAC 
question 
Questioning: QPP 
Problem-posing 
question 
Questioning: QMC 
Measuring and 
counting question 
Questioning: QCP 
Comparison question 
Questioning: QRS 
Reasoning question 
Questioning: QO 
Other 
Column Variable Value 
121 1 =Day 1 
2 = Day 2 
122 Raw Number 
123 Raw Number 
124 1 = Monday 
2 = Tuesday 
3 = Wednesday 
4 = Thursday 
5 = Friday 
125 Raw Number 
126 Raw Number 
127 Raw Number 
128 Raw Number 
129 Raw Number 
130 Raw Number 
131 Raw Number 
132 Raw Number 
133 Raw Number 
134 Raw Number 
135 Raw Number 
136 Raw Number 
137 Raw Number 
138 Raw Number 
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Variable Label 
(Name) 
Classroom 
areas 
Variable 
AREA 
Stiencing SCIENCE 
Column Variable Value 
139 
140 
1 = Art area (A) 
2 = Block area (B) 
3 = Computer area 
(C) 
4 = Manipulative area 
(M) 
5 = Science (S) 
6=Dramatic area 
(DR) 
7=Language and 
reading area (LR) 
8 = Sensory area (SN) 
9 = Other 
1 = Formal stiencing 
(F) 
2 = Informal 
stiencing (IF) 
3 = Incidental 
stiencing (IN) 
4 = None of the above 
(N) 
151 
ACKNOWLEDGEMENT 
He said to me, "My grace is sufficient for you, 
for my power is made perfect in weakness " 
2 Corinthians 12:9 
"The Lord is my shepherd, I shall not be in want.(Psalms 23) I am thankful that I 
have Jesus in my life and He gives all I need and is always the best and beyond my prayer. 
It is His wonderful blessing that I have Dr. Herwig to be my major professor. She is 
the most important person in my professional career preparation. She has been guiding me 
since I was in my master's program at Iowa State University. I really appreciate her 
generosity and kindness in sharing her abundant expertise. I am also very thankful her many 
insightful suggestions and patient guidance. 
Many thanks to my great committee members: Dr. Mack Shelley, Dr. Sedahlia Crase, 
Dr. Michael Godfrey, and Dr. Donna Merkley. I particularly appreciate Dr. Mack Shelley for 
his patience and statistical assistance in my research analysis. I thank Dr. Crase for her 
continuous encouragement throughout my graduate studies. Thank you to Dr. Michael 
Godfrey for his incisive opinions and encouragement I am very grateful to Dr. Donna 
Merkley for her support and thoughtful suggestions. 
To the child care centers' directors and the preschool teachers, who participated in my 
study, thank you for all your support and accommodations that this study can be completed 
successfully. I offer my sincere appreciation. 
152 
Special thanks to Jessica Enneking, who helped me with establishing interobserver 
reliability. I thank Jessica for her sincere friendship, encouragement, and support 
I would like to express my sincere appreciation to Daniel Hwang, who provided me 
rides to many child care centers and helped me with the videotaping. I thank him for his 
constant encouragement and support, especially his faith that I would "make it" one day. 
Special thanks to my dear parents, Hui-Tsiung Tu and Qui-Mei Lee. Because of their 
unconditional support, love and understanding, I was able to obtain my Ph. D. I would also 
like to thank my dear sister, Tsung-Ming, and my brother, Chih-Nan. I thank them for taking 
care of our parents so that I was able to concentrate on my study here in the Unites States. I 
also thank them for their consideration and continuous support 
Finally, I would like to offer my sincere thanks to all my friends who have helped and 
supported me throughout my entire graduate study. Without their prayers, support, 
encouragement, and help in many ways, I would not have been able to obtain this degree. 
May God bless all of them. 
